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The Origin of the Solar System’ 


An Outline of the Three Principal Hypotheses 
By Harold Jeffreys, M.A., M.Sc., St. John’s College, Cambridge 


Tue question of the origin of the solar system is one 
that has been a source of speculation for over a hundred 
years; but, in spite of the attention that has been de- 
voted to it, no really satisfactory answer has yet been 
obtained. There are at present three principal hypo- 
theses that appear to contain a large element of truth, as 
measured by the closeness of the approximation of their 
consequences to the facts of the present state of the 
system, but none of them is wholly satisfactory. These 
are the Nebular Hypothesis of Laplace, the Plaretesimal 
Hypothesis of Chamberlin and Moulton, and the Capture 
Theory of See. Darwin’s theory of Tidal Friction is 
scarcely a distinct hypothesis, but is mentioned separately 
on account of its application to all of the others. The 
main features of these hypotheses will be outlined in the 
present paper. 

The Hypothesis of Laplace.—According to Laplace, 
the solar system formerly consisted of a very much 
flattened mass of gas, extending beyond the orbit of 
Neptune, and rotating like a rigid body. In con- 
sequence of radiation of energy this slowly contracted, 
and in so doing gained so much in angular velocity that 
the centrifugal force at the equator became greater than 
gravity, and a ring of matter was left behind along the 
equator. Further contraction would detach a series of 
rings. These were then expected to break up in such 
a way that each produced a gaseous planet. This 
might later evolve in the same way as the original 
nebula, thus producing satellites. The criticisms of this 
hypothesis in its original form are very well known, and 
will only be summarized here. 

1. The angular momentum of the system when the 
gaseous central body extended to the orbit of any planet 
ean be calculated, and is not nearly sufficient to cause 
detachment of matter. Poincaré showed that this 
objection could be met if the nebula were initially highly 
heterogeneous, with all but «bo of its mass in the central 
body. 

2. The matter left behind would not form definite 
rings; for a gas has no cohesion, and consequently the 
separation of matter along the equator would be con- 
tinuous and lead to another gaseous nebula, not rotating 
like a rigid body. 

3. A-ring could not condense into a planet. 

4. According to the latest work of Jeans, viscosity 
is inadequate to make a mass of gas as large as a Lapla- 
cian nebula rotate like a rigid body. 

5. No satellite could revolve in a shorter time than 
it takes its primary to rotate: this condition is violated 


by Phobos, the inner satellite of Mars, and by the 


particles constituting the inner edge of Saturn’s ring. 

6. All satellites should revolve in the same direction 
as their primaries rotate: this condition is violated by 
one satellite of Saturn and two of Jupiter. 

The second, third, and fourth objections seem quite 
unanswerable at present. The theory of Gravitational 
Instability, due to Jeans, is an attempt to pass directly 
from the symmetrical nebula to an unsymmetrical one 
with a secondary nucleus, without the ring as an inter- 
mediate stage. 

It will be noticed that Laplace’s hypothesis implies 
that all the planets were formerly gaseous, and hence 
must have been liquid before they became solid. The 
question of the course of evolution of- a gasecus mass 
initially heterogeneous with several strong secondary 
condensations has not hitherto been considered; such a 
mass would be free from at least the first four of the 
objections offered to the standard forms of Laplace’s 
hypothesis, and its history would serve as a hypothesis 
intermediate between this and the Planetesimal Hy- 
pothesis. 

The Planetesimal Hypothesis.—This hypothesis has 
been formulated by Chamberlin and Moulton! to avoid 
the serious defects of the Nebular Hypothesis. It really 
consists of two separate assumptions, either of which 
could be discarded without necessarily invalidating the 
other. The first of these involves the close approach of 
some wandering star to the sun. This would raise two 
tidal projections at opposite sides of the sun, and if 
the disturbance was sufficiently violent, streams of matter 
would be expelled from them. On account of the per- 
turbations of their paths by the second body, these 
would not fall back into the sun, but would go on revolv- 
ing round it as a system of secondary nuclei, witha large 

*From Science Progress. 
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number of very fine particles also revolving round the 
sun; each particle, however small, would revolve in- 
dependently, so that the system would in this respect 
resemble the heterogeneous nebula mentioned at the 
close of the last paragraph. The mathematical investiga- 
tion of this hypothesis would be extremely difficult, but 
there seems to be no obvious objection to it. It will be 
seen that the nuclei would be initially liquid or gaseous, 
having been expelled from the sun. Thus this hypoth- 
esis implies a formerly molten earth. The smaller 
particles would soon become solid, but the gaseous part 
initially expelled and not under the influence of a second- 
ary nucleus would remain gaseous, although its density 
would be very small. The orbits would be highly 
eccentric. 

The second part of the hypothesis dedls with the 
later evolution of the secondary nuclei. Its authors 
believe that these would steadily grow by picking up 
the smaller particles, which are called planetesimals, 
and in the process they would have the décentricities of 
their orbits reduced. That this is qualitatively correct 
can easily be proved mathematically. THere is, however, 
a serious objection to its quantitative adequacy. Con- 
sider any arbitrary planetesimal. Its chance of colliding 
with another planetesimal in a definite time is 
proportional to the sum of the surfacés of the planete- 
simals, while its chance of colliding With a nucleus is 
proportional to the sum of the surfates of the nuclei. 
Further, if the eccentricities of the planetary orbits are 
to be considerably affected by actretion, the mass 
picked up by each planet must be at least as great as the 
original mass of the planet. Now the more finely 
divided the matter is, the more surface it exposes, and 
hence before accretion the mass picked up must have 
presented a much larger surface than the planet did. 

Hence collisions between planetesimals must have 
been far commoner than collisions between planets and 
planetesimals. Further, as the velocity of impact must 
have been comparable with an orbital velocity on account 
of the high eccentricity of the orbits, the colliding 
planetesimals must in nearly all cases have turned to gas; 
for it is known that meteors entering the earth’s at- 
mosphere at such velocities are volatized. Hence 
nearly all of the planetesimals must have turned to gas 
before the nuclei could be much affected by accretion. 
We are thus back to the heterogeneous gaseous nebula. 

If the planetesimals moved initially in nearly circular 
orbits this objection does not arise, but it can then be 
shown that the product of the mass and the orbital ec- 
centricity of each nucleus would diminish with the time. 
It can thus be seen that Jupiter could never have been 
smaller than Uranus is now. There is no obvious ob- 
jection to this form of the hypothesis, but there is no 
reason to suppose that solid planetesimals did originally 
move in nearly circular orbits.? 

A further hypothesis that has come to be associated 
with the present one, although not &n essential part of 
it, is the belief that the earth has always been solid. 
There are many serious difficulties in the way of this. 

1. The mode of formation of the nuclei described in 
the first part of the Planestesimal Hypothesis implies 
that they were initially liquid or gaseous. This is not, 
however, a direct objection; one part of the hypothesis 
might be true and the other false, as they are not inter- 
dependent. 

2. Only one satisfactory explanation of the elevation 
of mountains by the folding of the earth’s crust has been 
offered; this attributes it to a horizontal compression 
at the surface. Now, if a solid earth grew by the addi- 
tion of small particles from outside, these would be 
deposited in a layer on the surface, in a perfectly un- 
strained condition. Thus, during the whole process 
of growth the same surface condition would always hold, 
namely, that there is no horizontal compression at the 
surface, however much deformation may take place 
within. Hence any stresses available for mountain- 
building must have been accumulated after accretion 
ceased; if the theory that the earth was formerly molten 
should be proved to give insufficient surface compression 
to account for known mountains, then a fortiori the 
theory of a permanently solid earth gives insufficient 
compression, as the available fall of temperature is less. 

3. It is by no means clear that a solid earth growing 
by accretion would remain solid. A particle falling 
from an infinite distance to the earth under the earth’s 
attraction alone would develop a velocity almost enough 
to volatilize it on impact, and the actual velocities must 

*Monthly Notices of R.A.S. vol. ixxvil. 1916. 


have been considerably greater than this, as the planc- 
tesimals would have a velocity relative to the earth befor: 
entering its sphere of influence. If, then, the partic|:< 
required to form the earth were all brought together at 
once, the resulting body would be gaseous. On thx 
other hand, if the accretion were spread over a long 
enough time, heat would be radiated away as fast as 11 
was produced, and the body would remain solid. [1 
the absence of a criterion of the rate of growth it is im- 
possible to state whether an earth growing by accretion 
could remain solid or not. 

Holmes* has found that the hypothesis of a cooling 
earth, initially in a liquid state, leads to temperatures 
within the crust capable of accounting for igneous 
activity, whereas the view that the earth is now in a 
steady state, its temperature gradient being maintained 
wholly by radio-activity, is by no means certain to lead 
to adequate internal temperatures. Assuming the 
former fluidity of the earth, he has developed a wonder- 
fully consistent theory of the earth’s thermal state. The 
present writer, using Holmes’s data, finds* that the 
available compression of the crust is of the same order 
of magnitude as that required to produce the existing 
mountain-ranges. 

It seems, then, that whatever we may assume about 
the origin of the earth, the hypothesis that it has at some 
stage of its existence been liquid or gaseous agrees best 
with its present state. The hypothesis of Laplace, 
however modified, implies the former fluidity of the 
earth, and so does the standard form of the Planetesimal 
Hypothesis. 

The Capture Theory of See*—Like the Planetesimal 
Hypothesis, this has been developed during the present 
century to avoid the objections that have been offered to 
that of Laplace. The main features of the two theories 
are very similar. Both involve the idea of a system of 
secondary nuclei revolving in independent orbits about 
the primitive sun, with sparsely distributed small 
particles between them, and the impacts of the small 
particles on the nuclei are supposed in course of time 
to act on the orbits of the latter in the same way as a 
resisting medium; namely, the eccentricities of the 
orbits tend to diminish, and satellites tend to approach 
their primaries. The Capture Theory is not, however, 
stated in so precise a form as the Planetesimal Theory. 
It is not definitely stated whether all the small particles 
would revolve in the same direction or not. If they did, 
then there would be little or no secular effect on the mean 
distance of a planet. If, however, they moved in- 
differently in the direct and retrograde senses, then their 
collective effect would be the same as that of a medium 
at rest, and the friction encountered by the planets in 
their motion would cause them to approach the sun. 
The fact that such a secular effect is stated by See to 
occur implies that the particles at any point are not on 
an average supposed to move with the velocity appro- 
priate to a circular orbit at that point, so that the con- 
ditions would be such as to ensure that collisions between 
them would be violent. The small particles are de- 
scribed by the somewhat vague term of ‘‘cosmical dust’’; 
if this means that they were solid, the Capture Theory, 
like the Planetesimal Theory, fails on the ground that the 
collisions between the small particies would cause the 
system to degenerate to a gaseous nebula long before 
any important effect had been produced on the nuclei. 
If, on the other hand, they were discrete molecules, then 
the system would be a heterogeneous gaseous nebula at 
the commencement, and this objection does not apply. 
It is clear, however, that the planets cannot have entered 
the system from outer space, for then their orbital 
planes would be inclined to one another at large angles, 
which the subsequent action of the medium could 
scarcely affect, whereas actually all the major planets 
keep very close to the ecliptic. All must, then, be re- 
garded as having always been members of the solar 
system, however much their orbits may have changed. 
They are supposed to be derived from the secondary 
nuclei of a spiral nebula. 

The most important difference between the Planetes- 
imal and Capture theories lies in the history attributed 
to the satellites. In the former, each satellite is sup- 
posed to have always been associated with its present 
primary, having been near it when originally expelled 
from the sun. In the Capture Theory, primaries and 


*“Radio-activity and the Earth's Thermal History,"’ Geol. Mov 
February—March 1915, June 1916. 

‘Phil. Mag. vo'. xxxii. Dec 1916. 

‘The Capture Theory of Cosmical Evolution, by T. J. J. See. 
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satcilites are both supposed to have initially moved in- 
dependently round the sun in highly eccentric orbits. 
If, in the course of its movement, a small body came 
sufficiently near a large one, and had a sufficiently small 
relative velocity, then a permanent change would take 
place in the character of its orbit, and it is possible that, 
under the influence of the resisting medium, this would 
ultimately lead to its becoming a satellite. The mech- 
anism of the process has not been worked out in detail, 
and, in view of the extremely complicated nature of the 
problem, it would be very dangerous to predict whether 
it is feasible. All the satellites in the system are sup- 
posed to have been captured in this way by their pri- 
maries. In both hypotheses the satellites are considered 
to have approached their primaries after becoming as- 
sociated with them owing to the secular effect of the 
resisting medium. 

The Theory of Tidal Friction.—All the theories so far 
mentioned agree in the fact that each commences with a 
particular distribution of matter, and tries to predict the 
course of the changes that would follow if this were left 
to itself. The success or failure of such hypotheses to 
lead to a system resembling the present solar system is 
the measure of their truth or falsehood. The method 
is thus essentially one of trial and error, and when a 
theory is found unsatisfactory, the next step is to modify 
it in such a way as to avoid the defects that have been 
detected. In this way a succession of different hypoth- 
eses may be obtained, each giving a better representa- 
tion of the facts than the previous one. Destructive 
criticism may thus be of positive value. Such a method 
must necessarily yield the truth very slowly, and must 
further involve a large number of assumptions concern- 
ing the initial conditions; in addition, the set of initial 
conditions that leads to the correct final state may not 
be unique. 

The Theory of Tidal Friction, due to Sir G. H. Darwin, 
is of a totally different character. It starts with the 
present conditions, and by means of a single highly 
plausible hypothesis obtains relations that the properties 
of the system must have satisfied at any epoch, provided 
only that this is not too remote for the calculation to be 
possible, and that no unknown causes have operated 
that could invalidate the work. The initial conditions 
thus obtained are then unique, and the only way of 
disproving the hypothesis would be to discover some new 
agency of sufficient magnitude to upset the course of the 
involution. Whatever hypothesis may ultimately be 
found to account for the present solar system, the Theory 
of Tidal Friction must therefore form a part of it. 

The physical basis of the theory is very simple. The 
attractive force due to the moon is always greatest on 
the side of the earth nearest to it, and least on that 
farthest away, while its value at the center of the earth 
is intermediate. The center of the earth being regarded 
as fixed, then, the moon tends to cause the parts of the 
earth nearest to and farthest from it to protrude, thus 
forming a bodily tide. If the earth were perfectly elastic, 
the high tide would always occur with the moon in the 
zenith or nadir; no energy would be dissipated, and 
there would be no secular effect. If, however, it is 
viscous the tides would lag somewhat, and their attrac- 
tions on the moon would, in general, produce a calculable 
secular effect on the moon’s motion and the rotation of 
the earth. The only case where viscosity would produce 
ho secular effect is when the deformed body rotates in 
the same time as the deforming one revolves. The 
tide then does not move round relatively to the body, 
but becomes a constant fixed deformation, directly under 
the deforming body, and ceases to produce a secular 
effect. In the ultimate steady state of a viscous system, 
then, the viscous body will always keep the same face 
turned towards the perturbing one. In the solar system 
system there are certainly two examples of this condi- 
tion, and no other explanation of it has been advanced. 
Mercury always keeps the same face towards the sun, 
and the moon towards the earth; with less certainty 
it is believed that the same is true of Venus and the 
satellites of Jupiter. 

Now if the viscosity of a substance be zero, that sub- 
stance is a perfect fluid, and there can be no dissipation 
of energy inside it. If, on the other hand, it be infinite, 
then we have the case of perfect elasticity, and again 
there can be dissipation. If the viscosity steadily in- 
crease from 0 to infinity, then the rate of dissipation of 
energy when the same periodic stress is applied in- 
creases to a maximum and then diminishes again to 
zero. The balance of probability seems to imply that 
the earth was formerly fluid, and, if this can be granted, 
the fact that most of it is now almost perfectly elastic 
at once indicates that dissipation of energy by tidal 
friction must have been important in the past. On this 
hypothesis Sir G. H. Darwin traced the system of the 
earth and moon back to a state where the moon was close 
to the earth, the two always keeping the same face 
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towards each other, and revolving in some time between 
three and five hours. The lunar orbit was practically in 
the plane of the equator; the initial eccentricity is un- 
certain, as it depends altogether on the actual variation 
of the viscosity with the time. 

The question that next arises is, what was the condi- 
tion just before this? The natural suggestion is that the 
two bodies formed one mass. The cause of the separa- 
tion is, however, open to some doubt. It has been 
thought that the rapidity of the rotation would be enough 
to cause instability, in which case the original body might 
break up into two parts. Moulton, on the other hand, 
has shown that the actual rotation could not be so rapid 
as to make the system unstable. It is more likely that 
Darwin’s original suggestion is correct, namely, that at 
the epoch considered the period of rotation was nearly 
double the period of one of the free vibrations of the 
mass; consequently the amplitude of the semidiurnal 
tide would be enormous, and might easily lead to fission 
in a system not possessing much strength. 

The Prevalence of Direct Motion in the Solar System.— 
On all of the theories of the origin of the solar system 
that have here been described it is necessary that 
the planets should revolve in the same direction. On 
the Planetesimal Theory this would be the direction of 
the motion of the perturbing body relative to the sun 
at the time of the initial disruption. In addition to 
this, however, all the planets except probably Uranus 
and Neptune have a direct rotation, and all the satellites 
except those of these two planets and the outer ones of 
Jupiter and Saturn have a direct revolution. The fact 
that three satellites revolve in the opposite direction 
to the rotation of their primaries is in flagrant contra- 
diction to the original form of the Nebular Hypothesis. 
It was, however, suggested by Darwin that all the 
planets might have originally had a retrograde rotation, 
and that the friction of the solar tides has since reversed 
the rotation of all except the two outermost. Jupiter 
and Saturn would then be supposed to have produced 
their outer satellites before the reversal took place, and 
the others afterwards. An objection to this theory has 
been raised by Moulton, who points out that the secular 
retardation of the rotation of Saturn due to solar tides is 
only about 1sb00 of that of the earth, so that there 
probably was not time for this to occur. On the other 
hand, this retardation is proportional to the seventh 
power of the diameter of the planets: if we can grant 
then that these planets were formerly much more dis- 
tended than at present, the viscosity remaining the same, 
the available time may be adequate. At the same time, 
solar tidal friction may be adequate to explain the facts 
that one of the satellites of Mars and the particles at the 
inner edge of Saturn’s ring revolve more rapidly than 
their primaries rotate, which would not be the case on 
the unmodified Nebular Hypothesis. 

Direct rotation and revolution of satellites on the 
Planetesimal Theory are shown by Moulton to be prob- 
able as a result of a very ingenious argument involving 
the mode of accretion. Whether it is quantitatively 
adequate is not proved, and the present writer would 
prefer to regard these motions as having been direct 
since the initial disruption. Let us suppose, for instance, 
that disruption would occur when the disruptive force 
had reached a definite fraction of surface gravity. It can 
easily be seen that both are proportional ‘to the diameter 
of the disturbed body, and hence their ratio is independ- 
ent of it. Other things being equal, then, a nucleus of 
any size would be equally likely to be broken up and 
give a set of dependent nuclei, which would then revolve 
round it in the direct sense. Secondary nuclei expelled 
at the same time and close together would remain 
together, and their relative motion might be in either 
sense. Thus we should expect both direct and retro- 
grade revolution, but the former would predominate. 
The fact that the retrograde satellites are on the outside 
of their systems is to be attributed partly to the greater 
stability of retrograde orbits of larger size and partly 
to the fact that they would experience less resistance 
from the medium. Capture may be possible; in the 
present state of our knowledge we can neither affirm nor 
deny it. Direct rotation is presumably to be attributed 
to the attraction of the disturbing body on the tidal 
protuberance before and during expulsion, and to second- 
ary nuclei with direct motions falling back into the parent 
body. Subsequent evolution would take place in a 
similar way to that indicated by Darwin. 

The Hypothesis of a Heterogeneous Nebula.—A system 
of nuclei revolving in a tenuous gaseous nebula would 
experience a viscous resistance from it, and hence 
would probably evolve in much the same way as See has 
indicated in the Capture Theory; accretion must prob- 
ably be almost negligible, so that the original nuclei 
must have had nearly their present masses. The 
original eccentricities of the orbits of both planets and 
satellites would be considerably reduced; the inclination 
to the plane of the ecliptic would be small at the com- 


mencement, and would remain so; if the medium re- 
volved the effect on the major axes of the orbit, and hence 
on the periods, would probably be small. Direct satel- 
lites would approach their primaries, and retrograde ones 
would ultimately be left on the outskirts of their sub- 
systems. Given suitable initial conditions, then, a 
system might be developed that would bear a strong 
resemblance to the existing solar system. The resisting 
medium itself would gradually degenerate and approach 
the sun on account of its internal friction; the zodiacal 
light may be the last remnant of it. It may, however, be 
regarded as certain that there has been no large amount 
of resisting matter near the earth’s orbit for a very long 
time; there has probably been ample time for the evolu- 
tion of the earth and moon to take place from the state 
that Darwin traced them back to. The moon was then 
probably formed from the earth by the disruptive action 
of the solar tides; but, as this would be a resonance 
effect, increasing in amplitude over thousands of vi- 
brations, whereas the formation of a system of nuclei in 
the way suggested by Moulton would take place at once, 
there need be no surprise that the former event led to a 
single satellite of #s of the mass of the primary, while 
the latter formed several, the largest having a mass of 
réo0 of its primary. 

The unsymmetrical nebula here considered might have 
been produced in the manner described in the last 
section. A symmetrical nebula becoming gravitationally 
unstable would lead to an unsymmetrical one, as was 
proved by Jeans, but it is difficult to see how the phe- 
nomenon of retrograde and direct motions occuring to 
the same subsystem could occur on this hypothesis. On 
the whole, then, the most plausible hypothesis seems to be 
that a gaseous neubla with a system of secondary and 
tertiary nuclei was formed round the sun by tidal dis- 
ruption owing to the close passage of another star, and 
that this has been subsequently modified by gaseous 
viscosity, and at a later stage by tidal friction. The 
moon was probably formed from the earth by solar tidal 
disruption, this method being abnormal in the system, 
and the later evolution of the earth and moon has been 
dominated by bodily tidal friction. 

\ 


Use of the Einthoven Galvanometer and Audion- 
type Detectors for Measuring Strength of 
Radio-telegraphic Signals 


One of the important determinations to be made in 
radio-telegraphy is the measurement of signal strength 
at a receiving station. In general, two methods of meas- 
urement are in use: (1) Noting the deflection of a 
galvanometer placed in series with a crystal detector 
or in shunt round a thermo-junction; (2) shunting a 
telephone receiver with a variable resistance which can 
be adjusted until the signals are just barely audible, 
that is, until dashes can just be distinguished from dots. 
The second method has frequently been shown to be 
unsatisfactory. 

For making quantitative measurements it is conven- 
ient to record the signals by means of an Einthoven 
galvanometer and a suitable photographic device. A 
permanent record is thus obtained which can be measured 
accurately at the leisure of the observer. 

Crystal detectors proving unreliable and thermo- 
junctions too insensitive, the author uses a vacuum bulb 
detector which is sensitive and not easily thrown out of 
adjustment. A difficulty arises in its use from the fact 
that a battery of large e.m.f. is used in the plate circuit. 
A current of about 1 milliamp. flows in this circuit when- 
ever the detector is in use, thus making it impossible to 
use a sufficiently sensitive galvanometer directly in the 
receiver circuit. In order to avoid this difficulty the 
author inserts a resistance in the plate circuit and the 
current causes a potential drop across this resistance; 
this drop is balanced by a similar potential drop across 
another resistance in an auxiliary circuit. The two 
resistances form the two arms of a Wheatstone bridge 
set, and the galvanometer is placed across them. When 
signals are received the potential drop in one arm is 
varied, causing a deflection of the galvanometer. If the 
galvanometer is of the Einthoven type it will follow the 
variations of the current with the reception of dots and 
dashes. It must be borne in mind, however, that when 
the filament of the detector is first lighted it is necessary 
to wait a few minutes until the current in the plate cir- 
cuit becomes steady. 

A check can be had on the detector by setting up an 
auxiliary or substitute antenna and exciting this with a 
constant-frequency buzzer in order to give in the de- 
tector circuit a current of about the same magnitude as 
that due to the received signals. 

The author calls attention to the fact that bulbs with 
lime kathodes have been found irregular in behavior.— 
Note in Science Abstracts on an article by L. E. Warrre- 
MoRE in Phys. Rev 
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The Great Canadian Telescope 
A Notable Addition to the Cause of Astronomical Research 


Tue new Canadian telescope, which with its ob- 
servatory situated near Victoria, B. C., is now prac- 
tically completed, is larger than any telescope now in 
use and will be for a time at least the largest in the world. 

Lord Rosse’s great six-foot reflector, made more than 
half a century ago, was of the same aperture but the 
mechanical parts, or as they are commonly called the 
“mounting,” of this telescope did not enable it to be 
easily used in astronomical observations, and as the 
quality of the mirror was probably not equal to that 
of modern optical surfaces, very little work was ever 
done with the instrument which has been dismantled 
for many years, and the great mirror of speculum metal 
is now in the South Kensington Museum. 

The Canadian telescope will be considerably exceeded 
in size by a 100-inch reflecting telescope now under 
construction for the Solar Observatory of the Carnegie 
Institution at Mt. Wilson, California, but the former is a 
considerable advance in size over the next larger, a 
60-inch reflecting telescope also at Mt. 


bending when taking different positions is as small as 
possible. 

The declination axis is 14 feet long, 15% inches 
diameter with a flanged end 41 inches diameter and 
weighs upwards of 5 tons. It can turn freely in ball 
bearings and be rotated to different positions, and con- 
sequently the tube with it, by means of motors and 
gearing contained in the large circular housing at its 
left hand end. 

The polar axis as can readily be seen is also in three 
sections, three steel castings bolted together. It is 23 
feet long, the center cube being 3 feet 8 inches a side and 
weighs 94% tons. The wheels at the lower end are used 
for rotating it quickly from place to place when setting 
on the stars and for driving it at the proper rate, one 
revolution in 24 hours, to follow the stars. It is elevated 
at the particular angle 48° 31’ which is the latitude of 
the observatory and pointed in the particular direction, 
which is due north, so as to be exactly parallel to the 


to keep the star exactly centered and to enable sli, )\ 
deviations caused by changes in the refraction of |\:> 
air or other causes to be rapidly compensated for. Th, <> 
setting and guiding motions are actuated from a sm:\|| 
switchboard carried in the observer’s hand and ti 
whole mechanism can be guided and controlled wit), 
practically as great rapidity and ease as a six-inch telo- 
scope. 

The principal mirror of the telescope is 73 inches i) 
diameter and 13 inches thick at the edge, with a hol: 
through the center 10% inches in diameter. It weighs 
4,340 pounds, is ground smooth and circular on the edges, 
is ground and polished approximately flat on the back 
and concave on the front surface. The form of the 
front surface, which has a bright coat of silver deposited 
on it so that the light from the stars is reflected back 
and does not enter the flash at all, is what is called 
paraboloid of revolution and is a similar curve to that 
given to the headlight reflectors of automobiles or 

locomotives, and is such that all the light 


Wilson. Moreover the Canadian tele- 
scope with its dome and observing ac- 
cessories represents the very latest ad- 
vances in astronomical and engineering 
science and is not only the largest but 
most complete and convenient in opera- 
tion of any ever built. 

Any telescope to be used in serious 
astronomical work has to be mounted in a 
peculiar way so as to enable it to readily 
be pointed at and accurately follow the 
motion of any of the stars. If we re- 
member that the motions of the stars 
which we observe are only apparent, that 
they rise in the east, move across the sky, 
and set in the west similarly to the sun 
and moon, simply because the earth is 
turning on its axis in the opposite direc- 
tion, that they are practically fixed in 
space, then it is evident that in order 
to keep the telescope pointed on a star 
we must, by its motion, counteract the 
rotation of the earth. 

This is very simply effected by attach- 
ing the telescope to a shaft which is called 
the polar axis and which is adjusted so 
as to be parallel to the earth’s axis. If 
then we turn the polar axis at the same 
rate as the earth, once around in 24 
hours, but in the opposite direction, we 
will evidently neutralize the rotation of 
the earth and the telescope will remain 
-pointed to the star from rising to setting. 
This rotation of the polar axis is effected 
by means of a weight and a governor, 
quite similar to the ordinary steam 
engine governor, the whole mechanism 
being called the driving clock. 

It is evident, however, that if the 
telescope tube were rigidly attached 
to the polar axis, only one particular part 
of the sky could be pointed at. Con- 
sequently a second shaft to which the 
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coming from a distant star is concentrated 
in one point, forming an image of the 
star 30 feet above the surface of the 
mirror, at the top of the skeleton tube. 
The mirror is hence said to be of 30 feet 
focus. This curve does not however 
differ from a section of a sphere by more 
than one-thousandths of an inch but 
has to be very accyrately produced as 
the surface should nowhere deviate from 
the true form to a greater extent than 
one two hundred-thousandths of an inch. 
It is this extreme requirement as to ac- 
curacy which makes lenses and mirrors 
of high grade so exceedingly difficult and 
costly to produce. 

If the image of the star is produced 
at the upper end of the tube, it is evident 
that observations will have to be made 
there. This can be effected at the image 
at the center of the upper end of the 
tube by auxiliary lenses and prisms 
which reflect the light to the side. A 
second method is by interposing a plane 
or flat mirror about 4 feet down the tube 
which causes the image to be focused 
at the side of the tube. In a third 
method, a convex mirror is placed about 
seven feet down the tube and the light 
is reflected back through the central hole 
in the 73-inch mirror forming the image 
at the bottom of the tube where it can be 
observed with an eyepiece just as in an 
ordinary telescope. All three of these 
methods may be employed with this 
instrument. 

The building for the telescope shown 
in the accompanying illustration is 
circular with a wall 66 feet in diameter 
and 32 feet high. This is surmounted by 
a hemispherical revolving dome (the 
total height being 75 feet) turned by a 
motor a complete revolution in six 


tube is attached and which is carried in 
bearings on the polar axis, sometimes at 
one end but in this case passing through 
the middle at right angles, and which is called the 
declination axis, enables the tube to be pointed at any 
latitude or declination in the sky and then carried by 
the polar axis to follow the apparent motion caused by the 
earth’s rotation. 

These two axes are plainly shown in the accompany- 
ing photograph of the 72-inch telescope, the polar axis 
being the inclined shaft extending between the two con- 
crete piers. The declination axis is inside the horizontal 
part extending to the left, carrying the telescope tube on 
a flange at the right hand end and weights on the left so 
that everything is in perfect balance on the bearings on 
the ends of the polar axis. 

The tube which is about 7% feet in diameter and 31 
feet long, weighing 15 tons, is in three sections. The 
central section marked No. 87 in the photograph being 
a steel casting 6 feet long weighing 714 tons which is 
bolted on the flanged end of the declination axis. The 
lower section No. 80 is the mirror cell containing the main 
mirror, which is flexibly held and supported by levers and 
counterweights so that there is no tendency to distortion 
of the upper surface, which is concave in form. The 
upper section of the tube is of skeleton form and ex- 
ceedingly rigid construction so that the flexure or 


axis of rotation of the earth. The total weight of the 
telescope is 60 tons and of the parts which move on the 
bearings of the polar axis 45 tons. And yet so ac- 
curately is it balanced and so beautifully are the ball 
bearings (with steel balls 244 inches in diameter) made 
that a pressure of about five pounds at the upper end 
of the tube is sufficient to set it in motion. 

With the exception of the motion to follow the stars, 
produced by the driving clock and actuated by a weight 
of about 1,000 pounds, all the operations of the tele- 
scope are effected by electric power, seven motors and 
several solenoids and magnets being required for this 
purpose. 

Besides the driving speed, one revolution in 24 hours, 
three different speeds can be given to both the polar and 
declination axes. The first, the quick motion, moves 
them at the rate of 45° a minute and is used for setting 
to the approximate position of a star. The second 
motion, called the fine setting, is at the rate of one degree 
every six minutes or one revolution in 36 hours, and 
serves to bring the object to the center of the field after 
the approximate setting by the quick motions. The 
third motion, called the guiding is one-twentieth of the 
last, one revolution every 720 hours or 30 days and serves 


The 72-inch reflecting telescope of the Dominion Observatory, Canada 


minutes so that the opening, which is 
closed when the telescope is not in use, by 
the two sliding shutters shown, can be- 
turned to any part of the sky to which the telescope 
is pointed. An electrically operated, elevating plat- 
form seen about half way up moves up and down the 
shutter opening to enable observations to be made at 
the upper end of the tube. Canvas curtains moving 
up from the bottom and down from the top enable the 
aperture to be limited to the width of the mirror, to 
prevent shaking the tube when wind is blowing. These 
and the opening and closing of the shutters are also 
operated by electric motors. Building and dome are 
of steel construction throughout with double sheet metal 
walls, allowing complete air circulation from openings at 
the bottom of the wall to louvres at the top of the dome, 
thus keeping the interior cool during the day time while 
the metallic structure rapidly assumes the air temper- 
ature. These conditions are essential in order to pre- 
serve as good definition as possible in the star images. 
Both dome and telescope mounting have been designed 
and constructed by the Warner & Swasey Co. of Cleve- 
land, Ohio, who have made the two largest refracting 
telescopes in the world, the 40-inch Yerkes and the 36-inch 
Lick. This mounting and dome contain all the good 
points evolved by their extensive experience as well as 
many valuable, original features and make the most 
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complete, convenient and practical combination for 
omical observations ever constructed. 

The mirrors and other optical parts were constructed 
by t»c Jno. A. Brashear Co. of Pittsburgh now probably 
the ».ost celebrated firm in the world for fine optical work. 

Tl. is magnificent equipment is a splendid contribution 
to the cause of astronomical research and if, as has 
often been said, the degree of civilization of a country 
ma) »¢ judged by its support of astronomy, then Canada 
stan s high in this regard, and her government is to be 
congratulated on the initiation and rapid and successful 
com) letion of this great observatory. 


The Ego-Cell—a Speculation 

Uncess advanced by experts who know all that is to 
be known in connection with their subjects, speculations 
in science are apt to be very useless, if not grotesque; 
and | mention the following one with the more diffidence 
since, on describing it to two eminent specialists on 
Nerve-Physiology, they both said that it is not altogether 
new and that they did not think it likely to be sound. 
Nevertheless, even the speculations of ‘amateurs have 
sometimes led to advance, or at least have assisted ad- 
vance by others; and, at the worst, may 


What is poor Ego to do? All the Side-Cells seem to 
advise this or that, and he listens to all of them. But 
another and lower Side-Cell points out that the dinner 
hour is approaching and that a decision must be come to 
soon. Then it is the Ego-Cell which decides. He has 
obtained all the advice possible; but he does not take a 
vote amongst the Side-Cells; he makes the decision 
himself—just as the amceba or infusorian does. The 
only difference is that the latter have no Librarians and 
Secretaries to assist them, and their judgment is there- 
fore not likely to be so good. Then the order is given: 
the Engineer-Cells clutch their levers; the batteries 
come into play; the great motors begin to act; and away 
goes the whole huge mechanism down one of the roads. 
The work now being in the hands of competent subordin- 
ates, the Ego-Cell himself has nothing more to do but to 
admire the scenery. 

Seriously, the question appears to be whether Decisions 
are made by a single entity or by a majority-vote. As 
Decisions seem to be possible for unicellular organisms, 
the former appears to be the more probable hypothesis; 
and we infer (for a speculation), that as organisms be- 
come more and more complex as they rise in the animal 
scale, their nervous mechanism acquires more and more 


liferating and undying in that small box of the cranium 
which can yet hold infinity. 

The only way in which research might be able to 
throw light upon the subject seems to me to be by way 
of studying the nervous system of the very low organisms 
in comparison with their habits. For example, gnat- 
larve would be very suitable, and I have often thought 
of commencing such work upon them. They show a 
very considerable degree of intelligence. Thus, when 
the surface tension of the water in which they live is 
destroyed by oil, they think that something has gone 
wrong with their air-tube, and spend a long time in trying 
to clean it up—which shows a degree of intelligence 
superior to that of many of our municipalities. Would 
carefully stained preparations of their nervous-system 
disclose the existence of any very exceptional cell such as 
is suggested by the above hypothesis? But, of course, 
the Ego-Cell may not be morphologically different from 
any of its congeners.—R. R. in Science Progress. 


Dyeing Materials in the Philippines 
ProBaBLy more than one hundred species of plants 
containing vaiuable color principles are found in the 
Philippines, and many more could be culti- 


amuse readers! 

The speculation is that the judgment, 
will, or mechanism for deciding conduct 
in living things which possess volition is 
likely to reside in a single cell—in the brain 
or principal nerve center. There appear 
to me to be two lines of argument which 
converge towards this hypothesis. The first 
has always been borne in upon me when 
studying motile protozoa or discrete cells, 
such as the leucocytes of the blood. These 
objects though they consist of a single 
cell, possess in themselves the rudiments of 
many of the capacities found more de- 
veloped in the Complex Animals or 
Metozoa. An infusorian or flagellate, 
swimming rapidly about in water, is always 
turning from side to side, just as a dog 
does when running in a field. The little 
cell appears to have a mind to make up; 
and its movements are not absolutely at 
random. An amoeba often progresses in 
the same direction, and when it meets 
with an obstacle tries either to burrow 
beneath it or to get round it. Animals 
of a little higher development, consisting of 
only a few cells clustered together, show 
the same power of decision or will. Hence 
I am inelined to infer that judgment and 
will—that is, what appears to be the prin- 
cipal constituent of the Ego itself—is 
capable of being developed to some extent 
in a single cell. 

As regards the other line of reasoning 
referred to above, we may infer from in- 
trospective psychology that the Will or 
Judgment is an extremely unified power. 
At every moment of our life something 
decides instantly what is to be done during 
the next moment. The deciding power 
does not appear to be distributed through 
a large number of entities but to reside in 
a single one. I mean that there is the 


——]__ vated. As these plants grow wild and are 
widely scattered the supply is unreliable 
|} and insufficient. Little has been done to- 
wards developing the manufacture of local 
coloring materials, and until there is an 
intensive cultivation of the necessary 
plants, and the capital necessary for the 
enterprise can be secured, there is little 
prospect of commercial success. 

Only two Philippine dye plants are 
commercially important. These are indigo 
and sappan or sibucao. Others are used 
locally, but scarcely enter into domestic 
commerce. 

Indigo (Indigofera tinctoria, Linn., and 
I. suffruticosa, Mill.) has been in the past 
extensively cultivated in some parts of the 
Philippines, and the prepared product 
entered extensively into the export trade. 
The cultivation of indigo as a commercial 
crop in the islands has now, however, prac- 
tically ceased. Indigo is still cultivated on 
a small scale in some parts of Northern 
Luzon, but only to supply a limited local 
demand. 

Sappan or sibucao (Ce@salpinia sappan, 
Linn.) is widely distributed in the settled 
areas of the Philippines at low and medium 
altitudes. It is not syetematically culti- 
vated, yet in a few districts it is found 
in great abundance. This wood yields 
about two per cent of red coloring material 
by extraction with water. The wood con- 
tains brazilin, the coloring matter found 
in brazil-wood. 

Brown dyes are obtained from nu- 
merous plants, chiefly from the shrub or 
small tree known as bancudo or nino 
(Morinda indica, Linn.), certain mangrove 
trees, such as ceriops and bruguiera, and 
the bark of Xylocarpus (tabigue or nigui). 
Many of these barks are useful in tan- 
ning as weil as dyeing. Bancudo is the 
well-known al dye of India. It dyes dark 


same difference here as that between the 
decision of a general in the field and a 
war council, or between the director of any 
enterprise and a committee. We all know, often by 
painful experience, that while a director can act with 
immediate promptitude, a council may require months 
of deliberation before acting. Personally, therefore. 
I have a feeling (let us say fancy, if we please) that my 
will and judgment are the results of autocratic and not 
of democratic decisions. For example, suppose that I 
have come to a cross-road and have to decide which 
turning to take, my Ego immediately consults some other 
entities in my brain where he (my Ego) knows that he 
has been keeping information stored for years—that is, 
consults his memory. He seems, so to speak, to ring 
up his Librarians by telephone and to ask them what 
facts bearing upon the question they have at hand. 
Perhaps one replies immediately, “ You passed that house 
on the right years ago in company with , and that is 
therefore the road to .”’ If, however, there is no 
such definite reply, something like a Secretary-Cell says 
from somewhere, “The Librarians have no record, sir, 
but let me remind you that you have a map in your left 
coat-pocket.”” So my Ego wires to my Left Hand to 
take it out, to my Right hand to spread it, to my Eyes to 
search it, and to my Surveyor to measure the distances. 
Alas, the map was not made by the German War Office, 
and therefore the cross-road is not entered upon it. 


The dome building near Victoria, B. C., that shelters the big telescope 


numerous Side-Cells to do the subordinate work, but that 
the Prime- or Ego-Cell required for ultimate Decisions 
remains unique in all. Prof. Pearson in his paragraph on 
“the brain as a central telephone exchange,” in The 
Grammar of Science (1900, p. 44), suggests interesting 
points in the mechanism of thought; but I do not find 
in this book or in works on psychology or physiological 
psychology any reference to the possibility that that 
mechanism may be developed round a single unit which 
still retains the ultimate autocratic power. 

If the speculation be by any possibility sound, we shall 
be confronted by some startling corollaries; for we men 
ourselves—we who walk and talk so proudly under the 
stars and think ourselves to bulk so big in the world— 
must shrink, so far as our actual self is concerned, to 
something like one five-hundredth of an inch in diameter 
—to microscopical objects buried among a mass of 
similar objects in the brain and possibly quite un- 
distinguishable from them in shape or size. The rest 
of us shall only be our appanges, the servants, property, 
and house-machinery of the insignificant molecule which 
is ourself! Just as the emperor is no bigger in body 
than his subjects, so perhaps the Ego-Cell may be 
nothing finer than the millions of other little masses of 
protoplasm which wander in our blood or live unpro- 


red shades on cotton mordanted with tannin. 
Black dyes are secured from Heritiera 
litoralis, Dry. (dongon late), a common coastal tree, 
and from some species of Hibiscus, Semecarpus, Term- 
inalia, and Diospyros. 

Yellow dyes of minor importance are secured from seeds 
of Bizaorellana, Linn. (achuete); from the wood of Nau- 
clea (baucal); from Carthamus tinctorius, Linn., which is 
occasionally cuitivated as a dye plant; from the bark of 
the common mango; from some species of Vitez (molave); 
and from ligtang, a woody viae having yellow wood rich 
in berberine. Berberine is found in several plants of 
the Philippine Islands. Turmeric (Curcuma longa, Lam.) 
does not occur in sufficient quantities in the Philippines 
to yield a useful supply of the rhizomes. The herbaceous 
plant, Peristrophe tinctoria, Nees, is widely scattered in 
the settled areas in the Visayan Islands and is sometimes 
cultivated on a small scale.—Jour. Roy. Soc. Aris. 

Anthropological Research in Canada 

Tue Geological Survey of Canada has been conducting 
a number of interesting operations during the past season. 
In Nova Scotia, Harlan I. Smith has been conducting 
investigations of the shell heaps of Merigomish and im- 
portant results are anticipated, as it is known that the 
country around the Gulf of St. Lawrence was formerly 
inhabited by no less than four totally different peoples. 
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The Refractometry and Identification of Glass Specimens 


A Ready Method of Determination for Laboratory Use 
By L. C. Martin, D.I.C., A.R.C.Se., B.Se., Imperial College of Science and Technology 


Existina methods in accurate glass refractometry 
usually demand some special condition on the part of the 
specimens tested, and in general at least one plane 
polished face is required. The refractive indices of 
single lenses may of course be roughly determined from 
measurements of the focal length and dimensions of the 
lens. Since, however, the exact determination of a 
focal length is an ideal measurement involving the use 
of rays indefinitely close to the axis, and since the paths 
of rays through the system cannot conveniently be in- 
vestigated by other means, the determination of re- 
fractive index in such cases is a matter of uncertainty. 
With regard to rough and unpolished blocks no satis- 
factory method seems to have been devised. 

Especially in the case of lenses it is desirable to have 
a ready method of determining the refractive index. 
This would be of use in optical laboratories for the 
identification of lenses, and also for the copying of 
optical system, particularly if the method will allow of 
the determination of dispersion. The method about 
to be described appears to be satisfactory for such pur- 
poses, and with moderate care refractive indices may 
be obtained accurate to about one in the fourth decimal 
place; also the determination may be made with the 
usual sources of light—a sodium flame and a hydrogen 
tube. 

The principle of immersion used in the method is by 
no means new, but considerable difficulties have hitherto 
been experienced in the use of liquids or mixtures of 
liquids for optical measurements, owing to their liability 
to changes of refractive index due to variations of 
temperature and concentration. These difficulties have 
been overcome in the method to be described. Its 
fundamental principle is extremely simple. 


J, 


If the line AB represents a small portion of the bound- 
ing surface of two media, a and « the angles of in- 
cidence and refraction of a ray of light, and m, the 
refractive indices of the two media, 

sin aq = sin aq. 

If «; =u the ray will suffer no deviation, and it can be 
proved also that there will be no reflection. With these 
considerations we can easily see that if a specimen be 
immersed in a liquid of the same refractive index (con- 
sidering light of one frequency only) the system will be 
optically homogeneous, and objects seen through the 
specimen when immersed in the liquid will not appear 
distorted. We now have a method of obtaining the 
refractive index of a specimen if we can obtain the re- 
fractive index of the liquid when the necessary equality 
has been attained. Evidently we must seek some 
methods of varying and measuring the refractive index 
of a liquid, and also some suitable way of observing the 
equality. 


A LIQUID OF ADJUSTABLE REFRACTIVE INDEX 


The refractive index of a liquid may be varied by 
changing its temperature, but a more convenient method 
is to employ a mixture of two liquids in which a change in 
the proportion of one to the other produces a corre- 
sponding change in the refractive index of the mixture; 
a solution whose strength can be adjusted may serve. 

Carbon disulphid mixes in all proportions with 
alcohol or benzol. As glass will presumably be the 
principal subject of test, it is important to be able to 
make the index of the liquid as high as possible, so as to 
make it suitable for most optical glasses. Using carbon 
disulphid we may increase the index to 1.6277 at 20° 
C. for sodium light. 


*Transactions of the Optical Society (London). 


This value will prove high enough for the majority of 
glasses, but some difficulty may arise when measuring 
the index for the C line for a few glasses owing to the high 
dispersive power of carbon disulphid. The refractive 
index for D will become very high when the concentra- 
tion is increased sufficiently to equalize the indices for 
the C line. Except for extra dense flints, however, 
with refractive indices above 1.625 (D), carbon disul- 
phid may be used, and may even be employed for higher 
values if cooled; thus at 0° C. its index becomes 1.6433. 

With a mixture of carbon disulphid and alcohol the 
refractive index can be varied from 1.3617 to 1.6277. 
With benzol the range is from 1.5003 to 1.6277. The 
range of usefulness of these liquids will be seen. Both 
mixtures have the advantage that the evaporation of the 
constituents generally takes place unequally; hence the 
refractive index will change very gradually and con- 
veniently. This makes the final determination easier 
and more exact. 

Unfortunately the vapor of carbon disulphid is of a 
somewhat poisonous character, and experiments with it 
must not be performed in the open. The constant in- 
halation of small quantities produces headache and 
neuralgia. This difficulty may be overcome by using 
the apparatus in a stink cupboard, or by arranging a 
fan to blow the vapor away from the observer. 

As a substitute for this mixture it is possible to use a 
solution of mercuric iodide in potassium iodide. When 
fully concentrated the refractive index increases to about 
1.7. The solution is a heavy yellow liquid, but it is 
fairly mobile, and is used in determinations of specific 
gravity. It has rather a bad action on the skin. The 
mercuric iodide should be dissolved in a saturated solu- 
tion of potassium iodide. To decrease the refractive 
index it is convenient to dilute with methylated spirit, 
which can more quickly be removed by evaporation when 
it is desired to concentrate the solution once more. The 
liquid is strongly hygroscopic, and this action will 
delicately vary the refractive index, although somewhat 
slowly. 

It has not at present been found easy to use this 
yellow liquid for measurements with the “‘F”’ hydrogen 
line as the luminosity of the spectrum in this region is 
greatly diminished when the light is passed through the 
solution. The C and D lines are quite bright. In this 
connection it may be noted that a knowledge of the index 
for these lines should often be sufficient to identiy the 
chief characteristics of a glass which a knowledge of the 
value for D alone would generally fail to do. Also this 
liquid need only be used for extremely dense flints. 


HOMOGENEITY OF LIQUID 


Whatever be the nature of the liquid employed, it 
is extremely important to keep it homogeneous by me- 
chanical stirring. A glass “‘ propeller blade,’’ driven at a 
suitable speed in the liquid by a small electric motor, will 
secure this condition. The motor must naturally be 
quite separate from the rest of the apparatus. 


ADJUSTMENT AND MEASUREMENT OF REFRACTIVE INDEX 
OF LIQUID 

It has been found very convenient to use the liquid 
in a prism cell on the table of a spectrometer. The cell 
should have refracting faces of plane parallel glass, and 
its dimensions are dictated by the sizes of the specimens 
for which the instrument is required. This method 
would naturally be difficult to apply to large lenses. 

Small departures from true parallelism in the faces of 
the prism will not appreciably affect the final result if the 
value used for the angle of the prism is that between the 
exterior glass faces. Assuming the walls of the cell each 
to act as a small prism of angle one minute, each in- 
creasing the deviation, also that the indices of the glass 
and liquid are 1.5 and 1.7 respectively, and the prism 
angle to be 60 degrees, it can easily be found that the 
error of calculation when the whole prism is supposed 
homogeneous is just greater than one in the fourth 
decimal place. It will be seen that if plane parallel 
glass, accurate to a few seconds, is employed there will be 
no need of correction. If the cell walls are not quite 
parallel it will be best to calculate out the error for a few 
particular cases from the angles and refractive index 
and to apply a correction from these results. 

With regard to the construction of the prism cell, 
plaster of Paris was found to be as good a cement as any 
that was tried; it holds carbon disulphid very well if 
the ground edges of the glass are made to fit accurately, 
but doubtless there are better cements for the purpose. 

The spectrometer should be correctly adjusted for 


ordinary working; the prism must be levelled and its 
angle determined in the usual way. 

On filling the cell with liquid and illuminating the slit 
with a suitable source a diffuse spectrum will be seen 
which becomes sharply focused when the stirrer is 
rotated and the liquid is made homogeneous. When 
the specimen is immersed it will generally diffuse a good 
proportion of the light, but should preferably leave a 
faint spectrum formed by light which has passed through 
the liquid alone. It is best to start with pure carbon 
disulphid and gradually dilute with alcohol. If a hy- 
drogen tube is used we shall see successive parts of the 
spectrum sharply focused, the red being first. The 
strength of the liquid should be adjusted so that its 
index is very slightly higher than the value required to 
focus sharply any particular line; the evaporation of the 
carbon disulphid, which generally disappears faster than 
the alcohol, will presently bring the line into focus very 
slowly and distinctly. At the moment of sharpest focus 
the angle of minimum deviation is taken in the usual way, 
when the refractive index of the specimen can be worked 
out from the formula. 

It would be easy to suggest various alternative methods 
of determining the point at which the refractive indices 
are equal, and also of obtaining the refractive index 
of the liquid, but the method here described has the 
advantage that one observation registers the angle of 
minimum deviation at the moment of equality. It is 
not necessary to observe equality with one intrument and 
refractive index with another, a proceeding which might 
lead to error, especially when using the carbon disulphid 
mixture. Beyond the prism cell there is nothing in the 
method which cannot easily be set up in the ordinary 
laboratory. The cell must be made specially from plane 
parallel glass; the ordinary liquid prism cell will not 
serve. 

While the spectrometer gives a ready means of per- 
forming the experiment, a certain amount of calcula- 
tion is naturally needed to obtain the refractive index 
of a specimen. In order to obviate this necessity it 
would be a great advantage to have a direct reading 
instrument. There are several liquid refractometers 
which read to about one in the fourth place, and these 
could be used to obtain the value of the refractive index 
of the liquid at the proper moment, as before suggested, 
but a separate observation would be necessary to register 
the equality, with a possible exception in the case of the 
Féry refractometer made by Messrs. Hilger. A modified 
form of the Abbe spectrometer giving direct readings 
by a special device appears to be the most likely form 
of instrument for the purpose, but without trial it is 
impossible to make any definite decision. It is hoped 
to test these ideas after the war, when the pressure on 
optical works has subsided. 

Meanwhile, as has been shown, it is possible easily 
to obtain the optical constants of most glass specimens, 
except those having forms approximating to a plane 
parallel plate. Obviously, no indications for such a 
form would be yielded by this method, but the optical 
constants could then be found by a Pulfrich refractometer. 
Lenses and prisms, or rough pieces with surfaces not too 
flat, are easily tested; by taking apart any complex 
system the complete analysis of the components may be 
made. The necessary accuracy for such a purpose is 
about two or three units in the fourth decimal place. 

In analyzing such a system it will be as well to examine 
it carefully beforehand. Separations of the component 
lenses may be as important as their refractive indices. 
The exact measurement of curvatures by any suitable 
methods will complete the analysis. 


CHRISTIANSEN’S MIXTURES 


The phenomena observed by immersing transparent 
solids in liquids of similar refractive index are well 
illustrated by the curious mixtures described by Lord 
Rayleigh and Christiansen. Powdered quartz or glass 
when placed in a mixture of carbon disulphid and 
alcohol adjusted to the correct proportions transmits 
strongly colored light corresponding to the wave-length 
for which the mixture is optically homogeneous. Light 
of a complementary color is reflected. 

On warming, red light is transmitted first, then yellow, 
green, and so on as the refractive index of the liquid 
changes with the rising temperature. 


DETECTION OF FAULTS IN UNPOLISHED GLASS 


Specimens of glass can, of course, be examined for 
defects such as bad metal, bubbles, and veins by im- 
mersion before they are polished. The liquid should be 
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contained in a cell having parallel sides of good plate 
gla «. Under a strong illumination bad metal and 
bubbles may be easily seen in specimens when dipped 
int) a liquid of which the refractive index has been 
ad) usted to the correct value. 

\ecins are more difficult to detect, but they may be 
found in this way. Use a distant source of light in a 
comparatively darkened room. An ordinary magnifying 
glass forming an image of this source at the pupil of the 
eye will appear to be filled with light. If now the cell 


is brought in front of the lens, veins can generally be 
detected when looking through parallel faces of the 
specimen, even with white light. Care should be taken 
that the unpolished faces are free from dirt, which might 
be mistaken for some defect in the body of the glass, 
but the difference is generally easy to see. 

It has recently been suggested that the usual examina- 
tion of specimens for stress by means of polarized light 
may fail to give correct indications owing to the presence 
of opposite forces in adjacent parts of the glass. While, 


of course, it is extremely unlikely that in such a case all 
indications of double refraction would be entirely absent 
yet it is possible that a very erroneous idea as to the 
amount and distribution of the stress may be gained, 
unless the glass is examined in more than one direction. 
By immersion in a bath of adjusted refractive index 
specimens, though unpolished, may be examined by 
light transmitted in any direction when the location 
and magnitude of the principal stresses should be ob- 
served. 


The Reality of Atoms 
By A. Findlay, M.A., D.Sc. 


Av a time when the purely utilitarian applications of 
physical science occupy, not unreasonably, a chief place 
in men’s minds, it is well to turn aside occasionally to the 
contemplation of other aspects of science and to consider 
some of the triumphs which have been won in the 
domain of pure knowledge. The man of science is no 
mere dealer in ‘“‘cold facts,’’ no mere gatherer of stones 
by the wayside of life; but he seeks also, by the 
divine gift of an intuitive intelligence, ‘‘to explain the 
complications of the visible in terms of invisible 
simplicity.” It was to such intuitive intelligence that 
we owe the Atomic Theory, put forward by the 
Manchester schoolmaster, John Dalton, in the early 
years of last century—a theory which recently formed 
the theme of the presidential address to the Chemical 
Society. Although the march of knowledge has carried 
us far from the point where Dalton stood, the theory 
which he propounded still remains the essential basis 
of modern physical science. 

From the earliest dawn of thought men’s minds have 
been busied with the question of the constitution of mat- 
ter; and throughout all time one has had to decide 
between the two alternatives of continuity and discon- 
tinuity. With the speculations of the ancient Greek 
philosophers (grand and comprehensive as they often 
were), with the Aristotelian doctrine of the four elements 
(based on the Empedoclean conception of a continuous 
primordial matter), or with the Atomic Theory of 
Leucippus and Democritus—we need not longer delay. 
They helped but little, if at all, towards the explanation 
and co-ordination of the facts of science. However much 
the idea of continuity appealed to the older thinkers, in 
modern times it has come to be recognized that ‘‘the 
notion of continuity is the result of an arbitrary limita- 
tion of our attention to a part only of the data of ex- 
perience.”” The further we extend our investigations, 
the more refined and powerful the instruments we em- 
ploy, the more does the coarse grainedness of matter 
become evident. Apart from the conception of dis- 
continuity the atomic theory of Dalton had nothing in 
common with the ancient philosophy so admirably ex- 
pounded by Lucretius. In the older theory the atoms 
were all regarded as consisting of the same primordial 
material, although differing in size and shape; but to 
Dalton the atoms differed in their nature. In the case 
of any particular element, the atoms were assumed to be 
all exactly alike in their properties, including their mass, 
but they differed from the atoms of any other element. 
At first no distinction was made between the smallest 
particle of an element and the smallest particle of a com- 
pound, and a certain amount of difficulty and confusion 
was thereby caused, for it is clear that, although we may 
regard the atom of an element as indivisable, the atom 
of a compound must be capable of being broken up into 
the atoms of its component elements. A new name 
was therefore introduced by the Italian chemist Avogadro 
who called the smallest particle of a compound a mole- 
cule, and for the advance of chemical science this new 
conception has been of inestimable value. 

The theory of Dalton, we have seen, postulated definite 
properties for the atoms of the elements, and conse- 
quently the atom of an element must have a definite mass 
or weight; and the determination, not of the absolute 
mass but of the relative masses or weights of the atoms, 
became one of the main preoccupations of chemists in 
the first half of the nineteenth century, and still forms 
the subject of exact investigation. It was, in fact, just 
because Dalton’s theory was capable of quantitative 
expression in terms of the relative weights of the atoms 
of the different elements that it was possible for 
the hypothesis of the atomic constitution of matter 
to become for science the invisible simplicity behind 
the complications of the visible. But is it anything 
more than an hypothesis, useful but not necessarily 
representing actual fact? Recent discoveries in science 
allow us now to answer this question with confidence. 
They have, from several different directions, contributed 
towards establishing the atomic hypothesis in a position 
of unassailable strength, and have furnished a proof of 


the real and actual existence of atoms or discrete par- 
ticles as constituting the fundamental basis of matter. 
Only a few of these proofs can be indicated here, but a 
clear account of the evidence accumulated in support 
of the real existence of discrete particles has recently 
been published by one whose work has greatly advanced 
our knowledge of this subject (‘‘ Atoms,” by Jean Perrin). 

The phenomena of diffusion, more especially in gases, 
led to the conclusion that the praticles or molecules of 
which matter was assumed to be constituted are not in a 
state of rest. In the case of a gas, these molecules are 
regarded as being in a state of constant and tumultuous 
commotion, which is not entirely subdued even when the 
gas is condensed to the liquid, or frozen to the solid state. 
That, at least, is the picture of matter which presented 
itself to the inner vision of a genius like Clerk Maxwell, 
and which forms the basis of what is known as the kinetic 
theory, a theory which was developed by applying to 
these still hypothetical molecules the general laws of 
mechanics. In this way it became possible, on the basis 
of experimental data, to calculate not only the absolute 
mass of the molecule—the hydrogen molecule weighs 
about three quadrillionths (million million million 
millionths) of a gramme—but also its dimensions (ap- 
proximately one hundred millionth of an inch in diam; 
eter), and the speed of its movement (several hundred 
yards per second); and the agreement between the values 
derived from the different kinds of measurement cannot 
but excite our admiration. And yet the theory cannot 
carry complete conviction, by reason of the number of 
hypotheses which it involves; and so there have not 
been wanting some who refused to accept the objective 
reality of molecules. And yet, even in 1827, these mole- 
cules had, all unknown to their observers, made their 
presence manifest by the effects which they produced. 
In that year the botanist, Brown, observed that when 
suspensions of pollen grains were examined under the 
microscope the particles were seen to be in rapid motion, 
vibrating, rotating, moving along a zigzag path, sinking, 
rising—perpetually in motion. In this so-called Brown- 
ian movement—observed long ago by Buffon and Spallan- 
zani, who saw in it a manifestation of life—we see, not, 
it is true, the molecules themselves, but the effects of the 
incessant bombardment of the coarser particles of the 
suspension by the molecules of the liquid. When one 
applies to the suspension the law of the equipartition 
of energy, it follows that, in a condition of equilibrium, 
the kinetic energy of the relatively coarse particies will 
be the same as that of the molecules of the liquid. We 
have, then, in the Brownian movement merely a magni- 
fied picture, as it were, of molecular movement; and if 
this is so, then the magnitudes calculated from these 
comparatively coarse suspensions should be the same as 
those calculated according to the molecular kinetic hypo- 
thesis. This conclusion has been tested in various ways, 
more especially by the French physicist, Jean Perrin, 
and has been found to be correct. 

As a result of the combined action of gravity and of the 
kinetic energy of the molecules, the molecules in a column 
of gas are more crowded together at the bottom of the 
column than at the top, in accordance with the law that 
when the distances from the bottom increase in arithmeti- 
cal progression the concentration of the particles diminishes 
in geometrical progression. By counting the number 
of particles at different levels of a column of a fine sus- 
pension of gamboge in water, Perrin found that the dis- 
tribution of the particles accurately obeyed the same law. 
These particles in Brownian movement, therefore, 
behave exactly as the molecules of a gas would behave 
according to the kinetic theory; and in a number of 
other ways also the suspensions of particles which can 
be seen behave in exact concordance with the laws which 
have been deduced for invisible particles. Our belief 
in the actual existence of these particles is thereby 
greatly strengthened. The extension of our limits of 
vision, also, which the invention of the ultramicroscope 
has made possible, has disclosed the existence of particles 
in what hitherto had appeared, even under the most 
powerful magnification, to be homogenous matter; and 
by this means particles not greatly exceeding in dimen- 
sions those of the molecules have been detected. The 
smaller the particles the more lively in their motion, so 


that we can scarcely hesitate to believe that in the rapid, 
darting motions of the ultramicroscopic particles we 
have made manifest to us something of the extraordinary 
stir and commotion which is going on in that world 
of molecules which is beyond the power of our direct 
observation. 

But the grained or discontinuous structure of matter 
has been still more clearly demonstrated in the recent 
striking work on radio-activity. The phosphorescent 
light emitted by certain materials, when bombarded by 
the a-rays emitted by radio-active substances was found 
by Sir William Crookes to be resolved, when examined 
by a magnifying glass, into spearate scintillations or 
points of light, each of the star-like points of light mark- 
ing the impact of a projectile; and in the spinthariscope, 
invented by Sir William Crookes, one is enabled to see 
the individual effect of a single atom. But these a-rays, 
as Sir Ernest Rutherford most definitely has shown, are 
positively charged atoms of hellium, which he has even 
succeeded in counting, and the atomic structure of this 
gas is thereby demonstrated. 

Whether we calculate the fundamental molecular 
magnitudes from the viscosity of gases; from the Brown- 
ian movement of fine, but visible particles; from the 
phenomena of radio-activity; or from the blue color of 
the sky, by which also the discontinuous structure of 
matter is made manifest, the same results are obtained, 
and the real existence of molecules is hereby established 
with a probability amounting to a certainty. But while 
we can regard the atomic constitution of matter as 
established beyond any reasonable doubt, yet, in the 
words of Prof. Perrin: ‘‘Atoms are no longer eternal 
indivisible entities, setting a limit to the possible by their 
irreducible simplicity; inconceivably minute though 
they be, we are beginning to see in them a vast host of 
new worlds... .. Nature reveals the same wide gran- 
deur in the atom and the nebula, and each new aid to 
knowledge shows her vaster and more diverse, more 
fruitful and more unexpected, and, above all, unfathom- 
ably immense.’’—The New Statesman. 


The Primary Decomposition Process of Coal 

A HIGH-GRADB bituminous coal of the gas-making 
type decomposes by heat primarily into praffin hydro- 
carbons and a completely altered nonvolatile residue, 
with small quantities of water, COs, and CO. The 
three latter products are the first produced, although in 
small quantity; from some other types of bituminous 
coal they are produced in greater relative quantiteis 
than from the gas-coal type. Complex and varied 
secondary reactions induced by superheating the hydro- 
carbons, water vapor, and COs are of great importance 
in industrial high-temperature carbonization. 

The products of low-temperature carbonization from 
coal of the Pittsburgh type on an industrial scale at 
about 800 to 900° F. (427 to 482° C.) will consist of a 
rich gas amounting to 0.6 to 0.7 cubic foot per pound 
of coal, and a large yield of oil, or tar, comprising 10 to 
12 per cent of the coal. This tar consists chiefly of 
paraffin hydrocarbons, is very low or possibly entirely 
devoid of benzene and naphthalene derivatives and 
practically devoid of free carbon. The gas will contain 
6 to 7 per cent of unsaturated hydrocarbons and 20 to 
25 per cent of ethane and its higher homologues, and 
conséquently will have a high calorific and illuminating 
value. The tar may be either redistilled or subjected to 
cracking processes so as to produce light oils—gasoline 
substitutes—whose yield will be greater than, and prob- 
ably at least double, that obtained by high-temperature 
carbonization. 

The results suggest the possibility that low-temper- 
ature carbonization might be utilized in gas manufacture 
as an enriching process by passing through the low- 
temperature retorts a relatively large quantity of a thin 
gas such as ‘‘blue-water gas,’’ sweeping out the light 
oil vapors that are primarily liberated at these low 
temperatures. The utilization of inferior coals for mak- 
ing gas by such a process may be found practicable. 
—Technical Paper No. 140 on‘“‘The Primary Volatile 
Products of the Carbonization of Coal,’’ issued by the 
U. 8. Bureau of Mines. 
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A fire line. All brush and litter removed from a 50-foot line Recently this was a fine forest. Now only blackened trunks are left 


Fighting Forest Fires 


How They Occur, and Means Taken for Their Prevention 


Forest fires have been with us as long as poverty. 
Long before the careless match of man caused conflagra- 
tions in Nature’s wooded areas, the burning touch of 
lightning had stricken many a tree and turned it, and its 
In that form they carried their 
history with them, and we have undisputable proofs 
that fires raged on the continent of America long before 
it was peopled by the Indians. The charcoal of peat bogs 
in North America and New Brunswick, some of which 
are estimated to be from two thousand to three thousand 
years old, indicates the occurrence of forest fires in the 
far distant past. 

There are a few people who believe that it is a good 
thing to burn through our forests periodically, basing 


neighbors into charcoal. 


their opinion on the practice of some Indian tribes to 
burn the underbrush on the pastures used by their 
These Indians claimed that by burning off the 
great mass of small growth that cumbered the earth, the 
larger trees, and the forage grass had a better chance to 
thrive. 

The scientific foresters, and the Government officials, 
however, do not agree with this theory, and they take 
every precaution possible to prevent fires from starting, 
and use every means in their control to put them out 
when they get started. As these men have made it their 
life study, it would seem they would know better than the 
Indians, who were swayed by superstition or who could 
afford to experiment, since they had the whole country 
to wander over, and if one section proved unsuitable for 
their wants, could move on to virgin regions. 


horses. 


In modern times forest fires are caused from two 
sources; lightning and the act of man. About 17.5 per 
cent of all fires are caused by lightning, and the other 
railroads, 
campers, brush burning, incendiary and sawmills. All 
forest firest start as small fires, and for this reason the 
Government Forest Service has made every provision 


causes in the order of their occurrence, are: 


to reach a fire promptly, and before it has had an oppor- 
tunity to spread. 

Three kinds are distinguished—surface fires, which 
spread over the surface of the forest floor, fed by litter 
and undergrowth; ground fires, which smoulder or burn 
only in the ground, consuming duff and humus and often 
the roots of trees, and crown fires, which consume the 
entire forest cover. All crown fires start from ground or 
surface fires, except when lightning ignites the tops of 
trees. In order for fire to get into the tree crowns the 
foliage must be close to the ground, or else the litter and 
undergrowth must be very heavy and inflammable. 
Both of these conditions obtain in many types of forests, 
and naturally increase the fire hazard. 

Artificial litter on the forest floor, such as slash from 
lumbering, is even more dangerous than natural litter. 
The refuse from bad logging becomes exceedingly inflam- 
mable as it dries out, and since it usually includes a large 
portion of the trees cut, burns long and fiercely. The 
history of logging in the United States shows that cut- 
over areas are in most cases so severely burned as to 
make their natural restocking with young growth ex- 
ceedingly difficult. Fully matured timber should be 
cut and used, but the careless or thoughtless lumberman 
who does not seek to so conduct his operations as to 
preserve a few seed trees, protect the young growth, and 


By Arthur L. Dahl 


dispose of his slashings, is guilty of a crime against 
humanity. 

Some forest fires are more destructive than others. 
If the fire sweeps over the ground quickly, killing the 
trees without consuming them, there will be left a large 
amount of dry, inflammable litter. A certain amount of 
young growth will spring up from unburned roots, and 
perhaps a dense growth of young trees will appear. If 
now a second fire occurs in that same region, the old litter 
will burn so fiercely and continue so long that the nature 
of the soil will be changed, as it has been demonstrated 
that intense heat changes the chemical composition of 
the top soil. 

Climatie conditions have a great deal to do with the 
prevalence of fires. On the Pacifie Coast, for instance, 


Rangers climbing a mountain to locate a forest fire 


where there are but two seasons, the wet and the dry, 
there are several months in the summer when not a drop 
of rain falls, and the woods become exceedingly dry. 
In the high mountains it is a common occurrence to see 
vivid flashes of lightning without the usual accompani- 
ment of rain, and during the dry season the rangers must 
be constantly alert to guard against fires, both from 
natural and other causes. 

In those sections of the country where rains occur 
frequently during the summer months, the principal 
contributing climatic cause of forest fires is drought. 
Although a single month of exceedingly dry and hot 
weather might bring a forest to a state of dryness which 
several months of the same weather would not practi- 
cally increase, still the drought has an added menace in 
the fact that the probability of a serious fire starting 


is increased with the length of time a region is without 
rain. 

We are apt to estimate the damage done by a forest 
fire in acres, quantity of timber, or in dollars, but there 
is another damage which is often considerable and yet 
is not taken into account. This is the smoke damage. 
Following great forest fires in the West, the captains of 
vessels thousands of miles out to sea have reported 
meeting great palls of smoke, which often turns day into 
night. A forest cover purifies the air we breathe, but a 
burning forest pollutes it. At Portland, Ore., a few 
years ago, the air was so heavily filled with acrid smoke 
from a forest fire that the people did not see the sun for 
days and it was necessary to burn lights in the stores all 
through the day. The smoke choked one’s throat and 
caused the eyes to smart, and great quantities of charred 
material fell in the streets. Clothing was smeared with 
the soot, and many thousands of dollars loss was sus- 
tained. 

Smoke from forest fires has frequently tied up navi- 
gation and in the Puget Sound country the steamers wiil 
frequently have to tie up for several days through in- 
ability to see through the gloom. One such fire near the 
Great Lakes is estimated to have cost ship owners more 
than $40,000 through lost time. 

The Government is a firm believer in the theory that 
prévention is better than cure, and the Forest Service 
has, for years, striven to so perfect their organization, 
and by a campaign of education secure the coéperation 
of the settlers, to the end that forest fires might be 
prevented from occurring. In their campaign of edu- 
cation the rangers keep posted throughout their districts 
placards urging campers to be careful with fires, and by 
friendly talks with those met with on their daily patrol 
trips, the people are taught to understand the necessity 
for being careful about throwing away a lighted match or 
leaving a camp fire burning after the camp is abandoned. 
Where railroads pass through forests, the officials are 
compelled, by appropriate legislation, to equip their 
engines with spark-arresters. Frequently the efforts 
of water companies, large timber owners, and others 
pecuniarily interested in the forests, are enlisted and 
their coéperation secured. 

One of the principal difficulties first met with was the 
inability of the rangers to locate distant fires accurately. 
The presence of smoke would tell them that a fire existed, 
but whether it was on one side of a mountain or another, 
it was difficult to determine. Unless some one in its 
immediate vicinity reported the blaze, it often required 
hours of search on the part of many rangers, to locate it. 
Now this is all done away with, and by the use of scien- 
tific instruments, and the maintenance of central lookout 
stations, it is possible to definitely and quickly determine 
the exact site of a fire. This is done by means of a range 
finder. These range finders are maintained in five or six 
lookout stations established on high peaks throughout 
the forest, each of which is connected with the other 
stations by telephone. In the second story, or cupol 
of the lookout station there is a sighting hood with 
vertical wires 244 degrees apart, set around the outer 
circumference. These wires are numbered clockwise 
from 1 at the North, toward the East, clear around ‘v 
144, which gives the 360 degrees of the circle, divided 
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by 144 wires spaced to correspond to the deflection of 29 
degrees each. The wires are tightly drawn. In the 
exact center of the sighting hood a self-winding plumb 
bob is suspended; this is drawn down when a fire is 
sighted and the number of the wire in line between the 
plumb line and the smoke is noted. The guard who first 
sights the fire asks the next nearest signal station for the 
number of the wire in line with the smoke from his tower. 
Then by glancing at a map upon which the lines from the 
wires are projected each guard would instantly note the 
exact location of the fire by following the numbered lines 
to their intersection. The lines correspond to the lines 
of sight through the plumb line to the circle of vertical 
wires in the sighting hoods. 

When the exact location of the fire has thus been 
determined, the Forest Supervisor is notified, and the 
rangers in that vicinity and fire fighting crews are dis- 
patched without delay. On other maps in the possession 
of the rangers is shown the topographic features, includ- 
ing streams, roads, fire lines, tool chests, and other 
valuable data. Even if a ranger from another district 
is sent to a fire in a remote place, his maps will enable 
him to find whatever is needed, whether it be a drinking 
spring, a telephone, or a tool house. These tool houses, 
or chests, are made either of metal or wood and are 
placed at strategic points throughout the forests. Within 
is kept the tools needed for fire fighting, and often the 
necessary cooking utensils and supplies needed to feed a 
crew of men in the field. The boxes are locked, to pre- 
vent depredations, but each ranger has a key, and often 
nearby settlers are furnished keys in order that they 
may assist in putting out fires before the rangers arrive. 

To enable firefighters to reach all parts of the forest 
quickly, trails are constructed and kept clear, and often 
wide firebreaks are built and maintained at the tops of 
ridges, or at the base of mountains. Where the roads 
are good, automobiles, fully equipped with fire-fighting 
tools, are held ready to transport men and materials to 
the scene of a fire. Along railroads, these automobiles 
are supplied with flanged wheels, in order that they may 
be run on the railroad tracks. Portable chemical outfits 
are kept, which have proven very valuable in putting 
out fires which are discovered before they have had time 
to spread. These are either carried on the shoulders of 
the rangers, or on the backs of horses or mules. Some 
of these chemical outfits can send a small stream of water 
to a height of ten or twelve feet, and they are especially 
effective in putting out crown fires. 

While it is probably too much to hope that forest fires 
will be entirely done away with, yet each year sees an 
advance being made in combating and preventing them. 


How to Make Animals ‘Transparent! 


A CORRESPONDENT of The Chemical News sends the 
following communication: 

How to render animals transparent was described re- 
cently in the Patents Court, which has been set up by 
emergency legislation to deal with the patents of alien 
enemies during the war. 

The Trustees of the British Museum (South Kensing- 
ton, Natural History Section) applied for licence to use 
the German patent 8621 of 1909, in the name of Streller, 
which provides a process “for rendering organic and in- 
organic bodies transparent and translucent,’’ by the 
employment of the refraction of light. 

Explaining the process, Dr. S. F. Harmer, F.R.S. 
(from the Natural History Museum), said it undoubtedly 
Was « remarkable one. It offered peculiar advantages 


This shows the value of tree growth to conservation of water 


for the study of the internal structure of animals. One 
could take, he said, a rat, and prepare it in a certain way, 
put it in”certain‘solutions specified, and it would become 
extremely transparent, so that one could see the details 
of the skeleton through the skin and muscles. They 


A government forest trail 


desired to make use of the process at the South Kensing- 
ton Museum. The general principle of making objects 
transparent by putting them in liquids of suitable re- 
fracting indizes they knew before the patent, and the 
patentee could not claim any patent rights in general 


Growth on a five-year-old cut recently reburned 


Rangers building a new trail through a forest 


scientific principles. Formulae for various solutions 
under the patent were set forward in a German book he 
had in his hand, by Dr. Spalteholz, published in Liepzig 
in 1914. The professor described details of various 
processes, and the authorities desired to employ most 
of them. The particular details of some of these pro- 


cesses were new. The Museum wished to use them 
partly for preparing objects to be exhibited to the public 
and partly for study purposes. He was not sure that 
all the chemical substances could be obtained in this 
country at the present time. Some of them were com- 
plicated bodies which were made in Germany. The 
processes were probably capable of use for commercial 
as well as scientific purposes. If, for instance, a farmer 
had a sample of seed, and he wished to examine the 
quality of the seed, or see whether it was internally at- 
tacked by insects or disease, it was quite possible that 
the seed should be made transparent in this way, and 
it would be a convenient mode of judging of its goodness 
or otherwise. Turning to the specifications, the patentee 
states the principle in this way: An object with a cer- 
tain index of refraction attains the property of trans- 
parency if placed in a liquid having a corresponding 
index of refraction. If a particular tissue or constituent 
is to be examined, the index of refraction of the solution 
must have particular reference to the index of refraction 
of that particular organic constituent. Or, with many 
constituents in the body, the index of refraction of the 
liquid may correspond to the mean of these indices. In 
the patentee’s words: ‘‘Supposing that it is animal 
bodies which are to be rendered transparent, they will 
be as completely saturated as possible with a liquid the 
index of refraction of which corresponds either to the 
mean of the indices of refraction of the different tissue 
constituents of the particular bodies or to the index of 
refraction of one of these constituents in a dry state. 
The index of refraction of this body or of its parts may 
be determined in any of the known methods, and the 
liquid chosen or composed to correspond to this index 
of refraction. An example of such a liquid, the index of 
refraction of which corresponds to most of the animal 
tissues, is a mixture of three parts of salicylic methyl] 
ester and one part of benzyl-benzoate.’’ Water is often 
present in high percentage. The human cardiac muscle 
contains 80 per cent. 

Bodies need to be prepared in certain ways, such as by 
having gases, air, or water removed by an air-pump, so 
that the saturation takes place in a vacuum. For 
the removal of water, a preliminary treatment of the 
body with alcohol, benzol, or the like, may be carried 
out. 

In some cases, liquids may be chosen which, by virtue 
of their index of refraction cause certain parts or groups 
of the body to disappear, so to speak, and thereby bring 
other parts the more prominently into view. 

Dr. Harmer added that Prof. Spalteholz, in his book, 
stated that a licence must be obtained for the purely 
commercial use of the patent; but its employment for 
scientific preparation and educational purposes was in 
another case. The purely scientific use of the process 
remained free. 

The Controller of Patents (Mr. Temple Franks) said 
this almost seemed to obviate the necessity for a license. 
There was also the question whether the patent was good, 
since it seemed to endeavor to patent the use of general 
scientific principles. There was the further fact that this 
was wanted for a government and public institution. 

German Soap Substitutes 
[Tse substitutes which are generally sold under the 
name of clay soaps or soap substitutes in Germany, are 
in most cases gelatinous solutions of soda soap in water, 
with a fatty acid content of 2 to 9 per cent. Excessive 
prices are charged for these. 
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Osmotic Pressure in Animals and Plants—II 


Difference in Conditions Under Which These Divisions of Living Matter Have Developed 
By W. R. G. Atkins, M.A. Se.D., F.1.C., Assistant to the University Professor of Botany, Trinity College, Dublin 


ConcLupep From Scientiric AMERICAN SuppLeMENT No. 2177, Pace 179, SepTemBer 22, 1917 


SUBSTANCES PRODUCING OSMOTIC PRESSURES. 

In animal body liquids by far the greater part of 
the osmotic pressure met with is due to electrolytes. 
Small quantities of sugar are found in the blood, very 
minute indeed, but in the milk lactose abounds, being 
presumably elaborated in the milk glands. Very small 
amounts of urea and other down-grade products can 
This comparatively insignificant con- 
tent of non-electrolytes in animal blood is partly due 
to the fact that a small supply to each cell, maintained 
at a constant level by the movement of the blood, is 
equivalent to a larger supply. Soluble waste products, 
too, are continually being removed, so do not accumu- 
lute. Moreover animal cells do not take carbon dioxide 
in to form sugars as do those of green plant tissues. 
and much of their nourishment is supplied in the form 
of complex nitrogenous products of high molecular 
weight conveyed by the blood-stream only or by the 
c@lomic liquid in the lower groups. The writer is not, 
exuct measurements having 
been made as to the percentage, undoubtedly a very 


ulso be detected, 


however, aware of any 


small one, of the total osmotic pressure of animal 
blood which is due to non-electrolytes, 

In plants, however, a large, in many cases a quite 
preponderating, proportion of the pressure is due to 
non-electrolytes, of which sugars are by far the most 
important, This has been shown by Dixon and Atkins 
by determining both the freezing-points and electrical 
conductivities of sap pressed from plant organs or ob- 
tained from the water channels of the wood with the 
help of a powerful centrifuge. The freezing-point of 
solution of potassium chloride, having the same con- 
‘luctivity as the sap under investigation, was then 
found, Since the presence of the non-electrolyte has 
indirect effect upon the conductivity, 
unless present in very large quantities, it is permissible 


only a small 


to consider the freezing-point of the equivalent potas- 
sium chloride solution as being that of the electrolytes 
of the sap. By subtracting this value from that found 
directly for the sap, the depression of freezing-point 
due to non-electrolytes is obtained approximately. The 
latter value could also be arrived at by estimating the 
sugars “Asually sugars are the main non-electrolyte 
constituents—and calculating the depressions caused 
by them severally. Some rough estimates in cases in 
which only hexose sugars were present gave fair agree- 
ment with the values afforded by the other method. 

By this method a systematic examination has been 
made of the tissues of a number of plants, and in some 
causes the seasonal changes have been traced. 

\ word must be added as to the method by which 
the sap is obtained. At first it was expressed from 
leuves, etc.. wrapped in linen and pressed between 
silver discs in a vise. It was, however, found that 
the sap which came out was to a considerable extent 
diluted with more or less pure water pressed out 
through the protoplasm of cells which had not rup- 
tured. This introduced an error often very great, and 
varying from tissue to tissue and from species to spe- 
cies. To avoid this error Dixon and Atkins adopted 
the plan of rendering the protoplasm permeable by 
immersion in liquid air. The sap given after this 
treatment is genuinely that of the vacuole and proto- 
plasm, It is, moreover, richer in enzymes than that 
obtained by direct pressure of unfrozen tissues, and is 
consequently more liable to undergo change after ex 
pression, For instance, sap thus obtained from yeast 
contains zymase, and will ferment a sucrose solution 
since it also contains invertase. 

It has already been mentioned that sugars are the 
chief non-electrolytes found in plant cells. The most 
abundant are sucrose, or cane sugar, and its products 
of hydrolysis the two hexose sugars, dextrose (d-glu- 
cose) and lhevulose (d-fructose). It is as yet a dis- 
puted point whether sucrose is the first sugar to be 
formed in photosynthesis or whether dextrose precedes 
it. The excessive accumulation of these sugars is pre- 
vented by their transformation into the colloid, starch 
which exerts no osmotic pressure. 

A fourth sugar, maltose, is frequently met with. It 
is entirely a down-grade product of starch, under the 
It is further hydrolyzed 
by the enzyme maltase giving two molecules of dextrose 


action, in the cell, of diastase. 


for each molecule. In addition certain pentose sugars 


*From Science Progress. 


are occasionally met with in small quantity. In most 
analytical work they would be returned as hexoses. 


FACTORS INFLUENCING OSMOTIC PRESSURES IN PLANTS 


The effect of light upon leaves and other chlorophyll- 
containing plant organs is by far the most powerful of 
In light, 
sugars accumulate very rapidly, accordingly rapid in- 
creases take place in the pressure. Sucrose is the 
sugar chiefly responsible for this. Its formation causes 
about half the increase in pressure, weight for weight, 
that a hexose would, since its molecular weight is 
almost twice as great. The same remark applies to 
which has the same molecular weight as 
But starch also appears in leaves exposed to 
light, and this substance exerts no pressure. Thus far 
larger supplies of carbohydrates can be stored in the 
leaf without unduly high pressures than could be if 
sugars only were formed, as in the leaf-blade of the 
iris. There is, however, another limit to the accumu- 
lation of sugar in a leaf, with its consequent rise in 
This is the translocation of the sugar down- 
wards through the bast to be stored as starch in the 
white leaf bases and rhizomes of the iris, for example, 
as sucrose in the beetroot, as inulin in the dahlia tuber. 
In trees storage takes place in the medullary rays and 
wood parenchyma of the woody tissues. The mechanism 
of this translocation may perhaps be that of simple 
diffusion from a region of high sugar content, the photo- 
synthetic cells, to one of low content, the storage cells, 
in which as it were an upper limit is set to the pressure 
by the formation of some colloidal substance. In many 
woody tissues semi-cellulose layers are deposited on the 
The normal permeability of 
the protoplasm appears to be increased in such cases 
to allow of the passage of the sugars. By these means 
a pressure gradient from leaf to root is maintained. 

Within the leaf itself many other factors may cause 
For example, in conditions favor- 
ing rapid evaporation a certain amount of contraction 
in volume may take place if the water supply is insuffi- 
cient ; this will lead to loss of turgidity, as the cellulose 
walls contract, and if it proceeds far enough will result 
in the wilting of the leaf. 

When photosynthesis is in abeyance the losses in 
sugars due to respiration and continued translocation 
are made good by hydrolysis of the leaf starch. Thus 
one does not find a large and rapid fall in pressure 
beyond a certain amount. In addition to the above- 
mentioned method of regulating the sugar, supplies, 
there remains the pressure exerted by the electrolytes. 
Furthermore, in certain leaves which were allowed to 
remain on the branch, but shut off from light, it was 
found that quite a considerable osmotic pressure was 
maintained while the rest of the leaves were actively 
assimilating. In dull wet weather, however, the pres- 
sure of these leaves fell. This furnishes additional 
evidence that translocation takes place from regions of 
high osmotic pressure to regions of lower pressure 
irrespective of whether this motion is up or down the 
bast. 

Moreover, the supply of electrolytes to leaves and 
cells of other tissues influences the osmotic pressure. 
Especially is this the case with leaves, from which 
large quantities of water are lost by evaporation; the 
electrolytes in the water supply consequently accumu- 
late. Thus old leaves have always a higher electrolyte 
content than younger ones on the same plant. The 
conductivity is nearly entirely due to salts of inorganic 
and organic acids. As a rule very little is to be attrib- 
uted to organic acids. For example, the conductivity 
of the juice of an orange or lemon is less than that 
of many leaves and roots which are not noticeably 
acid, and very far below that pressed from celery 
stalks. 

In salt marshes considerable quantities of electro- 
lytes accumulate in the cells of the flora and conse- 
quently the cells are not plasmolyzed even when evap- 
oration causes a very large rise in the concentration 
of the solutes in the surrounding water. The Neapoli- 
tan physiologists Cavara, Trenchieri, and Nicoloso- 
Roneati have investigated this class of plant-associa- 
tion by cryoscopic methods with special reference to 
the marshes of Cagliari. Sand-dune vegetation had 
been studied by the plasmolytic method by Drabble and 


the many causes which alter the pressure. 


maltose, 
sucrose, 


pressure. 


walls as reserve products. 


a rise in pressure. 


Lake previously, and the alfvar vegetation of Oeland 
has since been examined by Falck. Desert flora tco 
gives examples of the existence of very high pressures, 
up to about 100 atmospheres in some cases. 

The strand-flora of East Indian islands and that of 
mangrove swamps have also been studied by the plas- 
molytic method. Conductivity measurements on sup 
from these classes of plant would be of interest, as 
they would show what proportion of the osmotic pres- 
sure is due to electrolytes. It seems highly probable 
that a very large percentage is to be accounted for by 
them. 

A few measurements were made by Dixon and Atkins 
of the freezing-point of sap pressed from brown alze. 
It was found to be slightly below that of the surround- 
ing sea-water. It seems probable that the slight excess 
pressure of the algal cells was due to organic crystal- 
loids, though this has not been tested. It was shown 
that dilution of the sea-water led to a considerable 
reduction in the depression of freezing-point of the 
algal sap within a few hours. The difference existing 
between the internal and external osmotic pressures 
was, however, then much greater than at the start, 
but it seems that sufficient time was not allowed for 
equilibrium to be reached under the new conditions. 

In the foregoing pages a few of the principal causes 
intluencing osmotic pressure in plants have been :wen- 
tioned. But there are many problems in plant physi- 
ology which can be studied by the cryoscopic method, 
or better by the combined use of it and conductivity 
measurements, 


OSMOTIC PRESSURE STUDIES IN SPECIAL PHYSIOLOGICAL 
PROBLEMS 


Allusion has already been made to the use of these 
measurements in studying the physiology of foliage 
leaves. It must, however, be remembered that the osmo 
tic pressure only gives a measure of the total number 
of molecules of solute present, irrespective of the kind 
of molecule. An interesting case illustrating how large 
changes can take place in the relative proportions of 
the sugars of a sap, while the total osmotic pressure 
remains constant, is afforded by some analyses recorded 
by Brown and Morris in their classical work on the 
Chemistry and Physiology of Foliage Leaves. Dixon and 
Atkins found but little change in the osmotic pressure 
of detached leaves stored overnight. Yet Brown and 
Morris had shown that under such conditions quite 
considerable changes had taken place, sucrose having 
been hydrolyzed, the quantities of dextrose and levu- 
lose altered, and maltose having made its appearance 
from the leaf-starch. On calculating out the number 
of gram molecules of each sugar it was, however, fourd 
that this quantity had also remained practically con- 
stant. One is therefore tempted to consider that the 
osmotic pressure in some way sets a limit to the amount 
of hydrolysis of reserve colloids. 

Cavara and the Neapolitan physiologists examined 
the changes in pressure taking place during the ripen- 
ing of fruits. In some cases, that of the grape for 
instance, there is a steady rise towards maturation, 
so that the ripe sugar-laden fruit has a pressure of 
about 30 atmospheres. In others a preliminary rise 
is followed by a large fall in pressure. This corre- 
sponds to a great increase in the size of the fruit. In 
such a case the additional volume of the fruit appears 
to result from the growth of each cell; the vacuole 
solutes are therefore largely diluted. 

An isolated instance of the secretion of practically 
pure water by a leaf has been investigated by Dixon 
and Atkins. The leaves of Colocasia antiquorum, when 
in a warm moisture-laden atmosphere, give a stream 
of fine drops of water from the tips. The drops may 
follow each other so fast that it is impossible to count 
them. Twenty cubic centimeters or more of the |iquid 
have been collected from one leaf during the night. 
The anatomy of the tip of the leaf has not been com 
pletely worked out as yet, but the fact remains (hat 
water of immeasurably small depression of freezius- 
point and of conductivity jess than that of Dublin ‘ap 
water—a very soft upland water collected from grauite 
and similar rocks—is secreted from it. The solid 
residue it leaves on evaporation is also extremely smull. 
The interest of the observation lies in accounting for 
the rapid passage of water of such purity through tle 
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pro‘oplasmie membrane of the secreting cells, and more 
work remains to be done before a satisfactory explana- 
tion can be given. 

nother problem studied by these methods was that 
of the nature of the transpiration stream in woody 
stuus. This had generally been regarded as approxi- 
mating to good drinking water, though Fischer and 
others had shown that in the spring reducing sugars 
were to be found in it. Dixon and Atkins attempted 
to obtain the sap of the transpiration stream by press- 
ing the wood. It was, however, recognized that the 
say was loaded with the debris and consequently the 
solutes of the living cells of the medullary rays and 
wood parenchyma. Short lengths of the wood were 
then placed in a powerful centrifuge, and a quantity of 
almost colorless clear sap was obtained. On examination 
this was found to have a small depression of freezing- 
point, about 0.06 degrees, and a conductivity correspond- 
ing to a freezing point of —0.02 degrees or thereabouts. 
These figures, however, were observed to undergo large 
seusonal variations, especially the portion of the total 
depression due to non-electrolytes. As in the leaves, 
these were shown to be almost entirely sugars. In the 
wood of some deciduous trees osmotic pressures of 
three or four atmospheres may be met within the wood- 
sap in early spring before the opening of the leaves. 
It is then that the mobilization of the colloidal reserve 
products stored in the medullary rays and wood paren- 


chyma occurs, resulting in the stream, as it rises from 
the roots, being enriched on the way by the diffusion 
or secretion into it of these sugars, sucrose, hexoses, 
and maltose. Several per cent of sugar is shown to be 
present by calculation from the freezing-point depres- 
sion. Direct analysis showed that in some cases this 
was a mixture of all four of the above sugars—there 
are two hexose sugars—whereas more often maltose 
was absent; at other times cane sugar was the only 
one present, or, again, hexoses alone might be found. 
Since the analysis of sugar mixtures is both complex 
and tedious, it is easily seen what service cryoscopic 
osmotic pressure determinations are in studying a 
problem of this type. The chief factors influencing the 
pressure in wood sap were found to be the nature of 
the tree, the season of the year, and the height above 
ground from which the sample was obtained. Examina- 
tions were made from base to summit of similar trees 
of the same species at different seasons of the year, 
and both deciduous and evergreen trees were examined. 
As might be expected, the latter do not show such well- 
marked seasonal changes. The transpiration stream 
then supplies all parts of the tree with sugars and elec- 
trolytes in addition to water. 


GENERAL SUMMARY 


From the various examples given above it may be 
perceived how different is the physiology of the animal 


and vegetable kingdoms with respect to osmotic pres- 
sure. Were animal cells to possess the power of assimi- 
lating carbon dioxide to form sugars, these would have 
to be rapidly transformed into colloids to prevent the 
development of too great a pressure, in water-dwelling 
forms at least. Then since in the animal body all 
neighboring cells have to be in osmotic equilibrium, the 
local accumulation of large quantities of sugar would 
induce disturbances. It is therefore hardly accidental 
that it is in the group of organisms possessing the 
power of assimilating carbon dioxide that a more or 
less inextensible bounding membrane was developed. 

Finally, since water is a necessity for all protoplas- 
mic life, and since between protoplasm and the external 
medium, the internal vacuole boundaries, and the 
wumerous compartments and plastids in the cytoplasm 
one meets with all sorts and degrees of semi-permeable 
membranes, it becomes apparent that questions in which 
osmotic pressure effects have to be considered abound 
in most branches of physiology. 

In conclusion, the writer wishes to state that the 
present paper was written under circumstances which 
cut him off from all reference to journals, reprints, or 
notes of any kind. While tolerably sure of the accu- 
racy of the figures and names of authors given in the 
text, he is forced to acknowledge with regret his 
inability to recall the names of some of the workers 
whose researches he has mentioned. 


Our Terrestrial Mantle 
By Charles Nevers Holmes 

Our small planet is covered with a surface area of 
197,000,000 square miles, and over this inner surface 
area it wears an outer terrestrial mantle—our atmosphere. 
This planetary mantle also serves as a protecting cloak, 
catching and destroying within twenty-four hours 
millions of bombarding aerolites. It keeps the inner 
surface area of our world comfortably warm; but in 
order to protect the lives and properties of more than a 
billion and one half men, women and children, as well 
as to keep these human beings warm, it has to be very 
thick-——therefore, rather heavy. Indeed, the total 
weight of our atmosphere approximates twelve trillion 
tons, but since the total weight of our small planet ap- 
proximates some 6,000,000,000,000,000,000,000 tons, 
it can wear without difficulty its rather heavy mantle. 

Now, although this terrestrial mantle is both heavy and 
thick, we who dwell upon the earth can easily see through 
it. Therefore it must be transparent, particularly since 
it has a thickness or depth of perhaps 300 miles. As we 
all know perfectly well, the swift arrows of light pene- 
trate and pass through it, although somewhat deflected 
from their previous course. For that reason we are 
able to look through the vast firmamental window over- 
head and behold the sparkling splendor of the suns of 
night. That is, when the cloud curtains are not drawn 
over this window so densely that only the powerful sky- 
lamp of King Sol can send sufficient light to penetrate 
and brighten them. 

But this terrestrial mantle is much more compact 
on the inside than on the outside. In fact, its outermost 
layer is exceedingly thin, and were the whole garment 
only as light as that outermost layer it would weigh 
very little. But there are in all four layers to this ter- 
restrial cloak, and the innermost one is rather dense. 
So that these four layers, taken together, press down 
very heavily upon the inner surface area of our earth. 
And, of course, this heavy pressure rests also upon each 
of the more than a billion and one half men, women and 
children residing upon this surface area. Upon every 
square inch of the bodies of all these people there is a 
weight of about 14.7 pounds—or about a ton to the square 
foot! One would think that the whole population of 
our earth would be crushed at once, but, fortunately, 
there is air inside our body as well as outside, so that the 
outward pressure equalizes the inward. However, 
as we know, when the air-pressure inside of our ear- 
drum becomes more or less than the outside pressure, we 
experience a lot of discomfort. 

Man has devised an excellent ‘“‘weather prophet”’ in 
order to find out beforehand any changes likely to take 
place in this terrestrial mantle. Now, storms fre- 
quently develop within the innermost layer of this 
mantle, and a change in the height of a column of 
mercury in a tube will announce this coming change in 
the weather. The height of such a mercury column 
averages at sea level about thirty inches, being the 
well-known barometer, or, in other words, the weight of 
a column of air extending from the bottom of the barom- 
eter to the top of our atmospheric ocean. Since air is so 
light —a eubie inch of it weighing only about 0.31 grains 
or about 1/770th as much as an equal amount of water— 
it would take many miles of it in a tube having the same 


diameter as that containing the mercury to hold up a 
column of mercury thirty inches high. But when 
changes take place in the atmosphere, caused by the 
approach of a storm, a slightly lessened pressure upon 
the mercury permits it to ‘‘fall’’ a trifle, and, for that 
matter, this atmospheric pressure is often subject to 
variations, faithfully indicated by the rise or fall of the 
barometic column. 

In fact, the only part of our terrestrial mantle with 
which we have directly anything to do is the innermost 
layer, that is, the layer next to our surface area. This 
consists wholly of the air we breathe, and this air is a 
mixture, not a union, of at least ten substances. 

The inactive gas nitrogen and the active gas 
oxygen are by far the chief components of air, but it also 
contains water vapor, argon, carbon dioxide, hydrogen, 
krypton, neon, xenon, and helium. Besides these sub- 
stances it also contains dust and germs, and it varies in 
its purity or impurity. And the air we breathe at sea 
level is much denser than that which we inhale on the 
summit of some lofty mountain. Indeed, when we 
ascend about 34 miles above the ocean the atmospheric 
density is only one-half that which it was at sea level. 


As has been stated, our atmospheric mantle is formed 
of four layers, although the fourth or outermost layer 
is somewhat conjectural. The first or innermost of 
these layers or strata is called the troposphere. Here is 
where we earth-chained mortals dwell, although man has 
practically ascended by balloon to its top, about seven 
miles from the surface area below. Within this tro- 
posphere is contained most of the atmospheric moisture 
and the clouds, and, as we should expect, within this 
stratum take place the storms of the air. 

The next layer of our terrestrial mantle is named the 
stratosphere, extending from the seven mile limit of the 
troposphere to nearly fifty miles above sea level. As- 
cending the troposphere the air grows colder and colder 
but in the stratosphere this fall in temperature ceases and 
the temperature remains constant. Within this stratum 
there are no violent winds, and air, as we breathe it “on 
earth,’ changes greatly in character, becoming more 
and more largely the inactive gas nitrogen. High as is 
this second stratum above lerra firma, man has “‘sounded”’ 
its lower regions with an unoccupied balloon, such a 
balloon having attained an elevation of about twenty 
miles. 

Between the stratosphere and the ether, so-called, 
there are two other strata, or perhaps there ig only one 
other stratum. The inner of these two possible strata 
is called the “‘hydrogen-sphere’’ which is supposed to 
consist chiefly of hydrogen, owing to the lightness of that 
gas. This ‘‘hydrogen-sphere’’ extends upwards to a 
height of about 130 miles, its uppermost boundary 
marking the limit of our sky’s beautiful blue color. 
Above this third stratum we know very little at all about 
our terrestrial mantle, except that it must be very thin, 
that it has been named the ‘“geocoronium-sphere,”’ and 
that some scientists believe that it contains a gas even 
lighter than hydrogen. That it contains so light a gas 
is even more a conjecture than its uppermost height 
above the top of the “hydrogen-sphere.”’ This height 
may be 70 or 170, or even a few more miles, and the upper 
part of the ‘“‘geocoronium-sphere’”’ may possibly be a 
mixture of escaping hydrogen and more stable ether. 


The total height of our terrestrial mantle is, even in these 
days of more advanced science, problematical, but it 
certainly must end—somewhere. Between 200 and 300 
miles seems to be the farthest elevation of our at- 
mosphere; but, as has already been stated, man’s 
interest in his terrestrial mantle really ceases with the 
troposphere. That is, with the natural air that he 
breathes, and the moisture, clouds and storms of his 
local atmosphere. 

But we human beings were fitted to our terrestrial 
cloak, and our terrestrial cloak was not fitted to us. 
First, our mantle, then ourselves, as our bodies appear 
today. And although this term, “terrestrial mantle,” 
is an excellent one, the expression “atmospheric ocean” 
is still better, for, it is indeed an ocean, deep and oft- 
times profoundly stirred. Man has walked since pre- 
historic times, he has swum for centuries and centuries; 
but only recently has he sailed amid the air. The future 
seems rich and almost bewildering in its aeronautic 
possibilities, and should some marvelous aerial discovery 
be made—such, for example, as employing some of the 
atmospheric pressure to buoy up aero-crafts against the 
downward pull of terrestrial gravity—the sailors of the 
air may yet rival the sailors of the sea in the science 
of transportation and long distance rapid transit. 
—Popular Astronomy. 


Chemical Glass, Porcelain Ware and Filter 
Papers 

Pror. J. SEBELIEN of the Norwegian Agricultural 
High School of Aas, has recently (Tidsskr. for Kemi, 
Farmaci og Terapi, Nos. 5-8, 1917) published the re- 
sults of a comparative examination of chemical glass 
and porcelain ware and of filter paper from various 
sources. It would appear that owing to the war the 
former German monopoly is also threatened in neutral 
laboratories. The Swedish glass of the Limmared 
works compares favorably with Jena glass as regards 
resistance to chemical reagents, particularly to potas- 
sium hydroxide, which dissolves considerable quantities 
of silica~and of boric acid from Jena glass. The 
laboratory porcelain of the Royal Porcelain Works at 
Worcester was found to be quite as good as that of 
the Berlin factory; both these are superior to the 
Haldenwanger and the Bayeux products. The author 
confirms the findings of the National Physical Labora- 
tory with regard to the Worcester porcelain, which is 
slightly less resistant to heat changes than that manu- 
factured in Berlin, and slightly more resistant to 
chemical reagents. Munktell’s Swedish filter paper 
was found superior to others tried as regards low ash 
content and uniformity, some of the German kinds 
showing considerable variations. The Whatman papers 
compare favorably with the German makes, the ex- 
cellence of which is by no means so exclusive as the 
makers would suggest. With respect to chemicals, 
Norway appears to have been almost absolutely de- 
pendent on imports from Germany, but some sub- 
stances are now being manufactured. The author 
points out that the war has taught Great Britain to 
free herself from Germany in the matter of pure labora- 
tory reagents, and expects that after the war these 
will be obtainable in his country at the same prices as 
the German products.—N ature. 
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Shells of the Fighting Nations’ 


Ar a cursory glance the variations which occur in 
shells seem bewildering. But the fact is soon apparent 
hat a common resemblance may be traced between the 
rincipal types that are employed by the various nations 
Shrapnel and high-explosive shells are commonly used 
in the same guns, and, though they are entirely distinct 
from each other, there is outwardly nothing to distinguish 
one from the other, except the distinctive colors and 
bands with which each is painted. Howitzer shrapnel 
shells are shorter than those for quick-firing guns 
Their range and velocity are less, and the barrel of the 
gun is much shorter than that of a long range gun. The 
armour-piercing shell is simple by comparison with the 
shrapnel and the high explosive. It is just a thick- 
walled case containing explosive, with none of the 
elaborate arrangements by which in the others the 
period of explosion is brought under precise regulation, 
and by which the effect of detonation of the fuse is trans- 
mitted with more or less delay to the explosive charge 
in the shell case. The fuse 


Variations in Design 


those which mark off the great broad types are very 
considerable when the internal details are studied, and 
one wonders why they should be so numerous. Simplifi- 
cation does not appear to be carried as far as it might 
be with advantage, in view of the enormous amount of 
machine work that is involved on many separate parts 
and the unprecedented numbers of shells that are de- 
manded. Yet justification will be pleaded on the ground 
of efficiency in action and of absolute safety in handling. 

Even in shells used for guns of the same caliber the 
various “‘marks’’ entail differences, which, however 
small, are in that degree prejudicial to a large output. 
When, as is happening now, the British shops are pro- 
viding munitions for the Allies in addition to their own 
vast requirements the variations that occur in the details 
of shells increase the tasks of the manufacturers. For 
the great practical fact now is that each variation, how- 
ever slight and_apparently negligible, entails some neces- 
sary difference in the rigs-up of expensive tools, and not 


and several of these are required in connexion with li 
fuse, and primer parts. 

Probably in the long periods of peace few of those | |. 
are in authority and officially responsible for desions 
have much regard for differences in labor costs, and : je 
question seems hitherto to have been wholly relega; od 
to the shops. The war has introduced an entirely ).w 
set of conditions. The labor difficulty has been ny ost 
insistent in the present national crisis, and it would jot 
have been solved if hundreds of thousands of women bad 
not volunteered to undertake work which previously |iad 
been jealously guarded as a preserve of the other se 
High prices have had to be paid not only for labor, but 
to recoup manufacturers for the huge outlay involved 
in new sets of gauges, new machines, shop extensions, 
new buildings, and larger staffs to deal with the night and 
day shifts. The difficulties have been immensely in- 
creased because we have had to supply vast quantities 
of munitions to our Allies, and the necessity for producing 

shells other than the standard 


elastic limits and hardness 
How essential is the em- 
ployment of a suitable material 
may be inferred from a con- 
sideration of the evils and 
faults that may develop unless 
the strictest care is exercised 
in the selection, treatment, 


parts of a shell. If shells are 
too hard and brittle they will 
become fractured within the gun, or at the moment of 
discharge. If they are too soft they will bulge, and erode 
the gun bore and its rifling. If the metal is porous 
premature explosion will take place within the shell, 
which is one of the principal reasons why cast-iron is 
regarded with dislike. If fuses are defective premature 
explosion may occur, which is the reason why they are 
constructed and fitted and filled with the nicest accuracy, 
and why they are not screwed into the shell nose unti: the 
shell is about to be fired 


ADVANTAGES OF SIMPLIFICATION 


In the early days of the evolution of shells from their 
experimental forms many differences of a more cardinal 
character existed than occur at present. The variations 
which appear now are less of essential differences than 
of details. Though nothing approaching a general or 
international standardization can be claimed, yet the 
outward semblances betweeen the shells of the different 
nations are obvious. The variations that lie outside of 


*Engineering Supplement of the London Times. 


N° 2._ French 75 mm. Shrapnel. 


N° 4._ French 75 mm. High Explosive Shell. 
N° 5.__ Russian 3 in. Shrapnel. 

N° 6._ /talian 75 mm. High Explosive Shell. 
N° 7._ Russian 3 in.High Explosive Shell. 
manufacture, and filling of the N° 8._ Serbian 120 mm. High Explosive Shell. 
N° 9._ German 77mm. Shrapnel 


N° |. /8/b. British Shrapzel. 


in shrapnel and high-explosive British types has added greatly 
shells is built up of much j t to the work and _ thought 
delicate mechanism, including H : brought to bear upon produc- 
shearing wires, centrifugal H tion in our shops. 
hammers, detonating composi- 4 -- IMPORTANCE OF MINUTE DE- 
tions, time rings in most in- TAILS 
stgmces, yet all absolutely safe N° |, N° 2. Under these changed con- 
from explosion until the gun- ditions the details which cost 
ner has drawn out the safety- more or less money to produce 
pin or pins, and put the shell in the workshops assume an 
into the breech and discharged intense interest, one which 
it. i they never possessed before 
4 ' That machinists are able to 
a : : impart any shapes and perform 
The work of manufacture B} any operations which may be 
begins with the scientific met- required is no reason why their 
alurgist, and his efforts are very ingenuity should be taxed by 
generally supplemented — by the sacrifice of economy of 
some careful detailed heat- Time. In present-day engi- 
treatment, which intensifies neering the time which is 
certain physical character- eee ~ required for an operation, and 
istics. Yet rather wide vari- the number of pieces which 
ations occur in the composition : ; ‘ H form a day’s output, are known 
of shelis, even in those of the ' : . ; precisely, and must be ad- 
same type. Armour-piercing = : hered to if the several depart- 
shells stand apart from the Si mama ee. ments are to maintain «an 
others by reason of the ad- N°5 N°6 equal output of the parts 
dition of chromium and nickel ws 4 : necessary to the completion 
In the ordinary shells carbon of entire shells. For all these 
and manganese are the pre- ' reasons the smallest items of 
dominant elements, though ~ ff. pee time saved count as of higher 
the proportions are subject to —_— — — a value than they would in nor- 
.rather wide variations. The : mal periods. Two or three 
object of heat-treatment is to H i examples may be noted: 
correct the variable compo- ‘ " “The methods of securing 
formity of results, which is NO 7 around shells vary in different 
checked by the scleroscope for N°? countries. In British shells, 


waved ribs, two, three, and 


N° 3.__ /8/b. British High Explosive Shell. — 
i! 


upwards in number (according 
to the size of shell) are em 
ployed, standing up within the 
dovetailed recess that receives 
the band. The copper yields 
as it is pressed over the steel 
ribs, and the steel being 


coves 


infrequently the employment of additional machines, 
besides another set of gauges. Further, there is the 
necessary employment of two sets of measurements, 
English and metric, each with its distinetive gauges and 
limits of tolerance 


THE PROBLEM OF GAUGES 


The question of the making of gauges and special tools, 
often very high specialized, is one of the greatest diffi- 
culties to be faced by firms entering into munition work 
who are inexperienced in tool and gauge making. A 
tool-room, with the special knowledge and experience of 
the men in it, is practically indispensable here. With 
these men the work is largely of a cut-and-dried character, 
but without them the initial difficulties are immense. 
It may appear simple to receive drawings and gauge limits 
with instructions to work by them, but many have 
burned their fingers in the endeavor. To work by gauges 
is not at all difficult, but an attempt to make them 
without previous experience opens up avenues of trouble. 
Especially is this the case with screw thread gauges, 


squeezed into the copper forces 
the shell to partake of the 
rotary movement that is im- 
posed on the copper band in the rifling. The cutting of 
these waves entails the design and rig-up of an attach- 
ment which during the revolution of the shell in the lathe 
imparts both the sectional shape and the waved outline. 
Many varied designs are in use for producing these, but 
they all involve a considerable outlay and occupy several 
minutes in the cutting. In the Russian shells the bottom 
of the band groove is simply roughened up by knurling 
or milling, just as many screw-heads are knurled. In 
some of the French shells this is also done, and in others 
simple serrations or grooves are turned. Any of these is 
simpler than the British method. 

“Another detail concerns the fitting of the base-pl: ‘cs 
to high-explosive shells. The regulation method is to 
screw them in and rivet them over. The threading vi 
the plate and its recess entails the performance of oper- 
ations which can be dispensed with when a smooth fit ‘+ 
allowed. Actually the serewing, which is followed b) 
riveting, has proved a source of some trouble, because the 
coneussion of the riveting loosens the contact of the screw 
threads, with results that are detrimental, notwithstand 
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ing ‘hat cement is used to seal the threads. To avoid 
this loosening, and also to cheapen production, riveting 
alo: » has been substituted largely in many shells. A 
sm: | annular riveting flange is formed on the base of the 
she. to be turned over a coned end forced on the base- 
pla Threading is then abandoned, and consequently 
the juared end which is required for turning the screwed 
bus’ into place, and which has to be cut off afterwards, 
is not required. The Pettman cement used in sealing 
the lates is similar to red lead; but instead of lead, red 
oxic of iron is employed, because no lead is permitted 
to cone into contact with any portion of a high-explosive 
shel! 
CARDINAL DIFFERENCES ‘ 

sholls differ in regard to the method of explosion, the 
detuiis of fuses, the nature of the explosives themselves, 
the character of the services for which they are used, 
and the nature of the explosive effects. Shells of the 
same great types—armour-piercing, howitzer, shrapnel, 
high-explosive—each occur in several varieties, not only 
in the different nations, but also in the services of the 
same nation. Several scores of differences might be thus 
noted, but only some salient features can be regarded 
here, taking for convenient comparison some shells of 
approximately similar size. 

“The differences in the shrapnel shells of the principal 
nations are chiefly concerned with the lengths, but more 
difference is noticeable in the cartridge-case than in the 
shell body itself. In all essentials, however, they 
resemble each other very closely. In the British and 
Russian shells smokeless powder of crystalline structure 
is used in the cartridge-case. In the German and French 
the smokeless powder is in the form of sticks. All have 
the copper band around the shell. 

The cementing mixture that is put in with the lead 
bullets in shrapnel fulfils two functions. It compels 
them to rotate along with the shell, instead of lagging 
behind, and it also forms a ‘tracer’ of smoke by which 
the gunner is able to detect the point where the bursting 
oecurs. In the German shells a mixture of red amor- 
phous phosphorus and fine-grained powder produces a 
dense white smoke. In the Russian shells a mixture of 
magnesium and antimony sulphide is employed. In 
British shells resin is used. 


HIGH-EXPLOSIVE SHELLS 

“The British 18pr. high-explosive shell has very thick 
walls, which, when shattered, have terribly destructive 
effects. It is, therefore, highly effective against trenches 
and other earthworks, wire, and concrete. It has a time 
and percussion fuse at the nose, and the fuse has an 
extension—the gaine—passing down the center of the 
high explosive for nearly two-thirds of the distance, the 
function of which is to delay and intensify the action. 
The charge is fired by the explosion of a primer in the 
fuse on contact with a needle, the flame from which 
extends to the gaine. The primer charge is composed of 
chlorate of potassium, sulphide of antimony, and ful- 
minate of mercury loaded under pressure. The gaine 
carries three charges, the last being of lyddite, the ex- 
plosion of which is communicated to the charge in the 
shell body. The rear portion of the shell carries a brass 
cartridge-case containing a smokeless powder as a pro- 
pelling charge. A primer is screwed into the base. 
Instead of a solid end of the rear of the shell a base-plate 
is inserted to form a gas-plug. 

“The French high-explosive shell (75mm.) has thinner 
walls than the English, but its elastic limit and tensile 
strength are ensured by the heat treatment to which it is 
subjected. The high-explosive used is melinite, of which 
picric acid is the base. The fuse provides for a delay 
action, so that the shell penetrates earth and trench works 
before it explodes. The delay is due to the resistance of 
springs, which resistance is overcome when the fuse 
strikes a solid body. Then the primer and firing-pin 
come into contact, and the primer ignites a charge of 
guncotton, Thence a succession of detonating charges 
are ignited, delaying the action until melinite in the form 
of flake powder is exploded in a tube, which extends 
down about a third of the distance into the melinite 
within the shell body. The cartridge case in the rear is 
filled with smokeless powder in sticks and has a primer 
at the end. No base-plate is fitted in this shell. 

“The Russian high-explosive shell (3-inch), has a 
fuse which explodes instantaneously on impact. This 
overcomes the resistance of a spring which allows a 
needle to strike and fire a charge of fulminate of mercury. 
The explosion is communicated to a detonating compo- 
sition in a gaine that forms the extension base of the fuse 
and transmits its explosion to the material within the 
shell. The cartridge-case is filled with smokeless 
powder. A base-plate lies at the rear of the shell case, 
but it is not fitted within it.” 


WEIGHT LIMITS 
Weight limits are imposed on shells because dif- 
ferences in weight would influence the estimated trajec- 


tory. This condition is very difficult to secure without 
great experience. Shells which conform to the limiting 
dimensions are often condemned because they are below 
the specified limits of weight, and this fact suggests that 
there may be differences in the densities of different 
portions, though this is difficult to understand when it is 
remembered how much work of regular compression is 
done in rolling and forging the steel. But the fact has 
to be accepted, and the only safe method is to work to 
the high limits of weight and dimensions, and afterwards 
reduce as required. The weights concern the shell-case 
both when empty and when filled. In the French 
120mm. (4.72-inch) high-explosive shell the correct 
weight of the empty shell is 16kg. 750gr. (35lb. 2.65 oz.), 
and the tolerance is 200 grams (7.05 oz.). In the British 
18-pounder high-explosive shell (3.3 in.) the weight of 
the empty case without the driving band is 14 lb. 8 oz. 
6ledr., and a total variation of 3'90z. is permitted. 
The total weight filled, with fuse and gaine, is 18lb. 8 oz. 


PAINTING AND VARNISHING 


In pre-war days the Russian shells were nickel-plated 
to protect them from rust. Other nations employ paint. 
It is essential that the paints used contain no lead, which 
is replaced by zinc oxide. The reason is that the picric 
acid contained in many high-explosives forms an unstable 
compound when it combines with lead, and spontan- 
eously ignites. 

The action of the explosive used in the shells has to 
be neutralized by the production of a coat of varnish on 
the inside. To ensure that the varnish is of a compo- 
sition that will afford undoubted protection, scrapings 
free from steel are taken from the shells for analysis by a 
Government inspector. In addition a sample of the 
varnish is taken from each consignment and forwarded 
to the Government analyst. 


FUSES 


It is in the fuses and the methods of fitting them, and* 


in the primers at the base of the cartridges, that the 
largest variations in design occur. The devices by which 
time and percussion arrangements are combined in one, 
with provision for a large variation in the times of flight 
before a timed explosion occurs, are marvellous and 
beautiful. The safety provisions also, by means of which 
explosion is prevented from happening prematurely, are 
equally wonderful. Inertia, centrifugal foree, and 
springs are the chief elements here, utilized in numerous 
ways. The primers vary according as they are used in 
fixed or in loose ammunition. In the first the primer is 
screwed into the base of the cartridge case, in the second, 
in which the propelling charge is contained in a bag 
separate from the shell, as is the case in all guns of large 
calibre, the primer is carried in the breech-block. 


High Flying 

Art the beginning of the war the average height flown 
on active service was 4,000-5,000 feet, simply because 
few of the machines then in use with the impedimenta 
carried could get much higher. Today a height of 
20,000 feet is, I believe, on certain occasions reached, and 
it is fairly certain that if progress continues at its present 
rate, heights a great deal beyond this figure will be 
reached as a usual thing. 

These great altitudes bring forward many difficulties 
which will have to be seriously considered. The first 
trouble in the winter will be the extreme cold to which 
the occupants will be subjected unless they are pro- 
tected by special cowling which will gather in the 
warmth given off from the engine. This, to a certain 
extent, is the natural advantage obtained in the 
tractor. 

The question of the difference in the comfort of ma- 
chines in this respect was shown to me in a very marked 
manner last winter. I was testing the fall-off of engine 
power at a height on a tractor two-seater in which it 
was specially arranged that the warm air from the radia- 
tor and engine passed along the fuselage to the pilot, 
and then to the passenger, and although at a height of 
over 21,000 feet with the thermometer below freezing 
at ground level, I did not suffer in the least from the cold, 
neither did my passenger, who sat behind, complain, 
until we shut off to descend. 

As a contrast to this, a few days later, I was on a single- 
seater scout at an altitude of 17,000 feet, and although 
it was a tractor with a potary motor, I suffered intensely 
from the cold, and became so numbed that my vitality 
must have been something akin to a dormouse under the 
snow, and, in spite of being well gloved, I had frost- 
bitten finger tips, which pained for many days after- 
wards. 

Surely this is a very inefficient state for a pilot at the 
front to have to take on an air fight or other exacting 
work? Put two pilots up to a great altitude, one kept 
well warmed and comfortable, the other half dead with 


the cold, and it, would be easy to surmise which would 
be most likely to do the best work. 

I really believe it is more by accident than design 
that the pilot or passenger have benefited at all in the 
past from the heat of the engine, with the exception, 
perhaps, of the late 8S. F. Cody’s machine. He pur- 
posely placed the radiator of his pusher in front of the 
pilot to keep him warm. I know from my experience 
when flying in France in the cold weather that the 
discomfort owing to the extreme cold became intense 
when flying only at 6,000 feet on a two or three hours’ 
reconnaissance flight. 

This is a point to which designers should give atten- 
tion, especially as machines are now easily capable of 
reaching great heights. During summer weather, 
conditions would probably be tolerably comfortable, 
but in winter it would be well nigh impossible unless 
better arrangements are generally made. 

During a recent heat-wave even, I have experienced 
cold of 20 degrees below freezing point at 20,000 feet. 

Cold also affects the motor pretty seriously. This is 
more noticeable with the water-cooled type. Unless 
some provision is made for blanketing the radiator sur- 
face at heights, it becomes far too cold for efficient 
running. Cases are known of the freezing of the water 
system on a descent from a great height, with pretty 
serious results to the motor, as well as the difficulty of 
getting the engine to run again efficiently through being 
too cold to effect a landing. In the future war machine 
the pilot must have a very wide range of control over 
the water-cooling system. 

I will now touch lightly on effects that I have ex- 
perienced on high flights. I have found the effect of 
high, i.e., rarified, air to be felt slightly at about 10,000 
feet, increasing with the altitude. Breathing becomes 
affected, respiration shorter and quicker, there is a 
curious oppressive sensation and a bulging feeling in 
the head until the height of about 20,000 feet is 
reached. 

I am told by a medical friend who has made rather a 
study of the subject that there is always a risk of a sud- 
den collapse, and oxygen should be used whether the 
aviator feels fit or not. Of course, the effect felt varies 
considerably with individuals, and with the state of one’s 
health. 

About eighteen months ago I suffered slightly with my 
heart, and found I could not get very high without 
feeling giddy, and after returning from a flight to 12,000 
feet, I had palpitation, which lasted until the following 
day. In consequence, I had to abandon high flying 
until treatment got me fit again. This year I have 
made a number of high flights, and have felt no ill ef- 
fects whatsoever; in fact, I find the more one gets 
accustomed to going up high the less the effects are 
felt. I am told that this also is the case in mountain- 
eering. 

I can remembered the unpleasantness of my first 
flight to 15,000 feet. It was very marked, especially 
the pain experienced in the drum of the ears on descend- 
ing. The fact that a flight now to 21,000 or 22,000 ft. 
does not have so much effect, I put down entirely to 
acclimatization. 

I use oxygen as 4 precaution when ascending beyond 
20,000 ft., for the previously mentioned reason. A 
small bottle is carried, fitted with a special reducing 
valve, which is fixed in the fuselage within easy reach of 
the hand. No special regulation is required, as it is 
set to pass only the necessary amount of gas into the 
face mask which acts as a mixing chamber, with its 
inlet and outlet air valve. 

The apparatus weighs 16 pounds, and contains suf- 
ficient oxygen for one hour's continuous use. After 
reaching 20,000 feet, I find it is only necessary to use the 
oxygen intermittently, and, accordingly, I simply hold 
the mask, after turning on the gas, over the mouth and 
nose, and take a few breaths of it, perhaps every half 
minute. 

The effect to me is remarkable; most of the oppressive 
feeling vanishes, and, excepting for the unpleasant 
bulging feeling of the head, which you experience with 
a bad cold, the sensation is one of suddenly being again 
at ground level. The only after-effects upon landing 
from these high altitudes are that you seem to acquire 
a pretty good thirst, not a very serieus hardship to many, 
due, I suppose, to the use of oxygen. 

_If the speet0f climb continues to improve at the rate 


oPhas for the past three years, it looks as though aviators 


will become subject to what is known as “Caisson 
Disease,’ due, I am told, to the sudden reduction in 
atmospheric pressure, such as divers are subjected to 
when they come to the surface from a great depth, owing 
to the nitrogen which has been absorbed by the system, 
in proportion to the atmospheric density, forcing itself 
too rapidly at any lower pressure from the system. 
—From a lecture by Captain B. C. Hucks, R.F.C., before 
the Aeronautical Society, London. 
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A Problem of the Universe’ 
Is Our Earth the Only Life Supporting Body? 


In undertaking a discussion of the question of life in 
the universe on other worlds than our own, it is, and 
probably always will be, impossible to definitely settle 
it one way or the other, unless by some unexpected dis- 
covery the science of astronomy is revolutionized to 
such an extent that we can have a much more intimate 
knowledge of the heavenly bodies than we have at 
present. However, as the knowledge gained by astrono- 
mers of the solar system and of the universe at large 
increases, and as with advancing civilization the thoughts 
of men become broader and reach higher levels, the 
tendencies point very strongly to the answer that our 
earth is one of many inhabited globes. 

It must be understood in considering this subject that 
a body, in order to be life supporting, does not neces- 
sarily have to be governed by or have existing upon it 
the same conditions that exist here on earth and that 
the forms of life must not necessarily resemble anything 
that we are familiar with. There are, however, limits to 
the latitude or scope of these conditions, and it is the 
writer's purpose to discuss them for the different classes 
of heavely bodies, and to eliminate any that definitely 
exceed them. These limits may be covered by three 
conditions which must exist in order to make it possible 
for a body to support life: First, that the body be so far 
advanced in the process of evolution as to be cool enough 
to have a sufficiently stable crust to support life; second, 
that a certain amount of atmosphere shall surround the 
body; and third, that it be near enough to the source of 
light and heat for a temperature high enough to support 
life to be maintained. 

We will first consider the principal objects composing 
the solar system, namely the sun, planets and their 
satellites, we having a much more intimate knowledge 
of the conditions surrounding them and of their surface 
markings than of the same local characteristics of any 
of the fixed stars. The other members of the solar 
system, the comets and meteors, we will dismiss with the 
statement that comets, having no solidity and being 
very diffuse and attenuated for the most part, and 
meteors, being mere brickbats or boulders ranging in 
size from grains of dust to bodies weighing but a few 
tons and having insufficient force of gravity to hold 
anything on their surfaces and exposed to the extreme 
cold of interstellar space, 470 degrees below zero Fahren- 
heit, cannot possibly support any form of life whatsoever. 

In examining the principal objects of the solar system 
we will, of course, start with the sun which dominates 
it. Of the source of our light and heat and the object 
from which everything terrestrial has originated, as- 
tronomers have considerable knowledge, which is being 
increased every year largely through the invaluable 
research work being carried on at the Solar Observatory 
of the Carnegie Institution located at Mount Wilson, 
California, by the untiring efforts of its able director, 
Professor George E. Hale. The sun is known to be an 
enormous ball 866,000 miles in diameter, at the very 
high temperature of about 6,000 degrees centigrade. 
This would preclude the existence there of anything 
except in a gaseous form and of very few of these gases 
in chemical combination, almost everything being in 
an elementary state. The gravitational force of a body 
weighing 332,000 times as much as our earth is very 
great, so the gases forming it must be tremendously 
compressed, and this compression, combined with the 
temperature just mentioned, must make a very dense 
gaseous globe of seething flame with no hard surface 
whatever, it being known that the surface formations 
are continually changing, owing to gigantic whirlwinds 
and cyclones, vastly greater than anything possible on 
earth, continually taking place. The possibility of life 
on such a body as this is, of course, impossible, for if 
any life germ could get within even several million miles 
of the sun, it would be impossible for it to exist there, as 
the enormous heat would burn it up in an instant. 

The nearest planet to the sun is Mercury, a small 
globe 3,000 miles in diameter, at a distance of approxi- 
mately 36,000,000 miles. Being so close to the sun, 
Mercury, as seen from the earth, never moves more 
than 28 degrees to either side of the sun. Consequently 
he is a difficult object to observe, being always near the 
horizon at dusk or dawn, the only times he is visible 
to the naked eye. What little is known about him has 
been discovered by daylight observations, when he can 
be seen near the meridian and free from the disturbing 
effects of the atmosphere at the horizon. He has ap- 
parently no atmosphere of his own and his surface looks 
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as if it were covered with cracks due to the terrific solar 
heat continually beating down upon it. Only one side 
of the planet can be seen, as he always turns the same 
face toward the sun, making the other side always dark. 

Let us now picture to ourselves conditions existing 
on Mercury. On one side we would find a never 
ending day with a fierce sun beating down upon it 
with seven times more heat and light per unit of surface 
than we receive on earth, and this with no atmosphere 
to temper it, our atmosphere reducing the amount of 
light and heat received at the earth’s surface by a very 
considerable amount. The other side would be immersed 
in an eternal night and subjected to the terrible cold of 
space, as stated before, 470 degrees below zero Fahren- 
heit, with no atmosphere, and consequently no circula- 
tion of air to bring warmth from the other side. Thus 
we see one side scorched to a cinder by the relentless 
rays of a fierce sun, and the other side pitch dark and 
frozen solid by a cold which we can never conceive of on 
earth. Certainly life under such circumstances would be 
impossible. 

Leaving Mercury, the next object we come to on our 
outward journey from the sun is Venus. This planet, 
which shines so beautifully in our evening and morning 
skies at a distance of 67,000,000 miles from the sun is 
almost our twin in size, being 7,700 miles in diameter, 
but 200 miles less than the diameter of the earth. Al- 
though Venus is far more favorably placed for observa- 
tion than is Mercury, astronomers know even less about 
the surface of the former than of the latter, in spite of the 
fact that Venus comes nearer us at certain times than 
any object of any size but the moon and an occasional 
comet. This is because she is surrounded by a dense 
atmosphere and her surface is at all times completely 
covered by clouds with very high reflective power, 
as much as 92 per cent of the light reaching them being 
reflected back into space. This is the reason she shines 
so dazzingly, making it almost impossible to do any 
practical observing by night, the little that can be done 
being done during the day time. Owing to these clouds, 
there are no markings visible on Venus, the disc present- 
ing through the telescope a uniform appearance. A 
proof of this dense atmosphere is to be found when she 
approaches or is leaving a position between us and the 
sun and we see the dark side with a narrow crescent of 
light along the edge. This crescent does not appear 
like the lunar crescent, extending just half way around 
the limb, but at times a complete ring of light has been 
seen to surround the planet, thus giving evidence that 
the light of the sun passes through a dense atmosphere 
which refracts it sufficiently for us to see it far beyond 
the half way points as in the case of the moon. It is 
believed by some astronomers, notably the late Professur 
Percival Lowell, that the high reflecting power of 92 
per cent cannot be due to clouds, as they could not 
possibly reflect that much of the light received, the 
reflective power of our clouds being but 72 per cent, and 
that this phenomenon must be due to some other char- 
acteristic of a dense but cloudless atmosphere surround- 
ing the planet. The belief that clouds exist, however, 
is the one generally accepted, as they very probably 
would not be exactly like ours, and with some unknown 
addition to their composition, could very probably 
have such a high reflecting power. 

It is in dispute whether Venus has a day somewhat 
like our own, or whether, like Mercury, she aiways turns 
the same face toward the sun. Professor Lowell, after 
very careful observations covering a considerable period 
of time, came to the conclusion, from certain very in- 
distinct and doubtful markings that he had seen on the 
surface, that the latter is true, and that the day and 
year of Venus are the same. If this is so, it is conceivable 
that certain forms of life might exist there, as the dense 
and moisture laden atmosphere would carry the warmth 
from the sunlit side to the dark side and return it again 
cooled, thus tempering the climates of both sides to a 
certain extent. It seems much more probable that there 
would be life on the planet if her day were more like ours, 
as some astronomers still think. However, no matter 
which way is correct, life on Venus would be at a very 
early stage of development, possibly very much like life 
on the earth before the skies cleared, when it was still 
pretty warm here, and luxuriant ferns and other flora 
flourished and the huge dinosaurs inhabited our globe. 
It seems reasonable that Venus should be at an earlier 
stage of development than the earth, although she is of 
practically the same size, because she is considerably 
nearer the sun and receives in consequence about twice 


as much light and heat as we do, thus retardiny the 
cooling off process which all worlds must undergo i: the 
order of evolution. Conditions on Venus would (ifr 
from those on the earth in another way, namely that her 
equator has practically no inclination to her orbit. 
whereas the earth’s has 2314 degrees. This would mean 
no seasonal changes, the climate never varying in any 
given locality year in and year out. To sum up, if life 
exists at all on Venus, which is a bare possibility, it must 
be in a very early stage of evolution, and the chances of 
thinking beings like ourselves being there are extremely 
remote. 

Leaving Venus behind, the next planet we come to is 
the earth, 7,912 miles in diameter and at a distance of 
93,000,000 miles from the sun. The earth, as we all 
know, is attended by one satellite, the moon, at a distance 
of about 240,000 miles from it. Owing to its nearness, 
astronomers have a much better chance to study the 
markings and surface conditions of the moon than of any 
other heavenly body. The moon is a small globe with a 
diameter of but 2,162 miles. As seen with the naked 
eye, as well as with the telescope, the surface does not 
appear of one shade, but certain portions are dark and 
others much brighter. It was at first thought that these 
dark areas were seas and the rest dry land, but with the 
increase in our knowledge of the moon, and the discovery 
that if any atmosphere exists there at all, it must have a 
density no greater than one ten-thousandth of our own, 
the belief that water in its liquid or gaseous state exists 
there was immediately exploded. One proof of the lack 
of atmosphere on the moon lies in the fact that during a 
solar eclipse the dark body of the moon is sharply pro- 
jected against the solar corona, there being no softening 
of the silhouette near the edges as would be noticeable 
if there were any appreciable amount of atmosphere 
And another proof is that when the moon eclipses or 
occults a star, the latter shines with undimmed luster 
right up to the very edge and disappears absolutely 
instantaneously, reappearing in the same way in due course 
on the other side again. Still another proof lies in the 
fact, as mentioned before, that the horns of the crescent 
never project beyond the half way point on either side, 
thus showing that there is no refraction of the sunlight 
through an atmosphere as is evident in the case of Venus 
Speaking of the solar corona, this was originally thought 
to be the lunar atmosphere, but it has since been definitely 
proved to be an appendage of the sun, thus giving vet 
another proof of lack of atmosphere on the moon. 

No change in the surface of the moon takes place vear 
in and year out except in a very small way in a few minor 
instances, and it is therefore practically as good as proved 
that the moon has passed through the successive stages 
of evolution and is now a dead and barren world upon 
which life could not exist in any form, there being noth- 
ing there to support it. 

The next stopping place on our journey outward ts 
Mars which we will pass by for the present and return 
to later. 

In passing from Mars to Jupiter, the next major 
planet, our way will be strewn with innumerable small 
planets called the asteroids, revolving about the sun at 
distances varying from less than 200,000,000 to over 
400,000,000 miles. As none of these small bodies, of 
which over 800 have been discovered up to the present 
time, are more than 500 miles in diameter and a very 
great majority do not exceed 50 miles in diameter, we 
may dismiss them, as in the case of the meteors, by the 
statement that if any of them ever did have atmospheres 
and warmth at any time in the remote past, both of 
these life supporting essentials have left them long azo, 
the former because these bodies would not have suf- 
ficient gravitational force to retain atmospheres, and the 
latter because, the atmospheres gone, they are exposed 
to the absolute cold of space which would freeze out any 
warmth they might have in a very short time. The 
obvious conclusion then is that it is impossible for any 
form of life to exist on any of the asteroids. 

After threading our way through these numerous '!") 
planets we come, at a distance of 500,000,000 miles trom 
the sun, to the giant planet Jupiter. This is the largest 
member of the sun’s family, larger, in fact, than al! the 
rest of the planets put together. Jupiter's mean 
meter is 86,000 miles which means that ten globes the 
size of the earth put side by side would not reach across 
his disk. Jupiter, as seen through a telescope, appe«'s 
to be belted by heavy clouds, which, like the sun, ro's'° 
at different speeds in different latitudes. There «re 


no permanent markings visible, although certain of them 
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have been recognized as the same, though considerably 
chanced in form, for several years in succession. These 
clouds, which are probably the chief constituent of the 
.phere of the planet, are so thick that the surface 


tm 
of Jupiter, if he has any, is never visible. The reason 
that | say “if he has any,” is that it is thought that 
Jupiter is at such an early stage in his development, 
that no surface has yet been formed and that he is still 


in a very hot state, possibly even slightly self-luminous, 
thouc! this latter statement is very uncertain. Another 
reason for the belief that he is passing through an early 
evolutionary stage is that his day is but ten of our hours 
long and his density approximately that of water, which 
would correspond with the rate of rotatjon and density 
of the earth when still quite hot, it having been estimated 
that the earth once revolved on its axis in but three hours 
and that tidal friction and other causes have gradually 
diminished this speed until now our day is twenty-four 
hours long. 

From the foregoing it is very evident that Jupiter has 
not vet reached a stage in which it would be possible 
for him to support any kind of life. In fact it is highly 
improbable that he could ever support life at any time, 
as, even if the surface conditions and atmosphere were 
favorable, his great distance from the sun, and the conse- 
quent small amount of light and heat received, a very 
small fraction of that received by the earth per unit of 
surface, would cause far too low a temperature at the 
surface for organisms to exist. However, if a race of 
beings ever should exist there, they would probably be 
pigmies, owing to the greater force of gravity which 
Jupiter exerts as compared with that exerted by the 
earth. 

What has been said about Jupiter applies equally 
well to the three planets exterior to him, Saturn, Uranus 
and Neptune, in the order named. They all, it is very 
generally believed, have arrived at practically the same 
period of evolution and show the same characteristics 
as those of the giant planet. If, however, these planets 
were sufficiently developed to support life, their surface 
temperatures would be even lower than that existing on 
Jupiter's surface, as Saturn, at a distance of 886,000,000 
miles from the sun, receives but one one-hundredth the 
amount of light and heat received at the earth’s surface. 
Uranus, at a distance of 1,800,000,000 miles, receives 
but one five-hundredth, and Neptune, at 2,800,000,000 
miles, receives the exceedingly small quantity of one one- 
thousandth the amount received by the earth per unit of 
surface. 

Not including the moon, there are twenty-six secondary 
planets or satellites so far discovered in the solar system, 
Mars being attended by two, Jupiter by nine, Saturn by 
ten, Uranus by four and Neptune by one. We may 
eliminate at once the two satellites of Mars, five of 
Jupiter’s and six or seven of Saturn’s by applying to 
them what has been said about the asteroids, they being 
in this class as far as size is concerned. The rest range 
from about 1,000 miles to over 3,000 miles in diameter. 
They are, however, so far away that it is almost impossi- 
ble to learn anything about them physically. It is sus- 
pected, though, that all satellites always turn the same 
faces toward their primaries just as our satellite the 
moon does to us. In view of the foregoing, it is, there- 
fore, pretty safe to say that life could not exist on any 
of these satellites, particularly as, in the case of the 
planets which they attend, sufficient light and heat 
would not be received from the sun to make the tem- 
perature high enough at their surfaces. 

Having traveled from the sun to the outermost known 
planet, Neptune, discussing as we passed them the 
main points of interest and environs of each planet but 
one, excluding our earth, we will now take a long jump 
back toward the sun to visit this planet, Mars, and see 
what interesting facts we can disclose about him. Mars 
revolves about the sun at an average distance of about 
141,000,000 miles. He is a globe considerably smaller 
than the earth, having a diameter of but 4,230 miles. 
As Mars approaches us at certain favorable oppositions 
to within 35,000,000 miles, he is most favorbaly placed 
for observation from the earth. To be sure, Venus 
sometimes gets as near as 25,000,000 miles to us, but 
even at 10,000,000 miles farther away, Mars is in a far 
better position to be studied than is Venus, because 
when the former which revolves about the sun outside 
of the earth’s orbit, reaches its nearest point to the earth 
in a given apparition, it is at opposition, and the sun 
shines full upon it as it does on the full moon, whereas, 
when the latter (Venus) revolving inside the earth’s 
orbit, reaches its nearest point to us, which is known as 
inferior conjunction, it is almost exactly between us and 
the sun and consequently the dark side is turned toward 
us. 

Volumes have been written about this small planet 
Mars, and more is known about him than about any of 
the other planets. He revolves around the sun once in 
687 days and his day is twenty-four hours and forty 


minutes long, very nearly the same length as our day. 
He has seasons almost like those on earth as his equator 
is inclined to the plane of his orbit at an angle of a little 
less than twenty-five degrees, the inclination of the 
earth’s equator to the plane of its orbit, as has been stated 
before, being twenty-three and one-half degrees. Fora 
long time it was thought that the atmosphere of Mars 
was a negligible quantity and contained no water vapor, 
but later it was found that this atmosphere, though much 
rarer than our own, is of sufficient density to be given 
consideration and that it does contain a small amount 
of water vapor. Mars shows certain very distinct surface 
markings about which a great deal of discussion and con- 
troversy has taken place. Much the greater part of 
the planet's disk appears of a ruddy or reddish ochre tint. 
Besides this, particularly in the southern hemisphere, are 
considerable areas of a greenish blue and sometimes 
greyish color, and surrounding each pole is a distinct 
and well defined white region which varies in size ac- 
cording to circumstances which will be described pres- 
ently. For a long time these were the only markings 
visible on the planet, but in the year 1877, G. V. Schiap- 
arelli, and Italian astronomer, discovered several very 
faint and threadlike markings, only a few miles in width, 
extending for thousands of miles over the surface, which 
he called ‘‘canali,’”’ which means channels, but which are 
now called canals owing to the similarity between the 
two words. This amazing discovery caused quite a 
sensation in astronomical circles and was at first, as is 
the case with most epoch-making discoveries, received 
pretty generally with incredulity. However, as time 
went on, Schiaparelli discovered more and more canals 
and other astronomers began to see them, so that today, 
although the existence of these objects is not admitted 
by all astronomers, the majority believe they are genuine 
surface markings of the planet. The idea was brought 
forward at one time that they were an optical illusion 
brought about by some unknown condition in our atmos- 
phere or by some peculiarity of the eye due to steady 
and continued gazing, but this has been definitely dis- 
pelled by the fact that photographs of the planet showing 
them were successfully taken at the Lowell Observatory. 
It was also noticed by Professor Lowell that at the junc- 
tions of the canals appeared small spots which he called 
oases. These oases, although very small, are each 75 
to 150 miles across. 

We have seen that Mars has an appreciable atmosphere 
and also from the permanence of the surface markings 
we are justified in the conclusion that he has a solid 
surface so we find that two of our requirements for a life 
supporting world are met in this case. As to the third, 
that a body shall receive enough light and heat to main- 
tain life, quite a question arises. Mars receives only 
from one-third to one-half as much light and heat from 
the sun as we do, according to his distance, he having 
quite an eccentric orbit for a planet, and it is considered 
doubtful by some whether this small amount would 
maintain a temperature above the freezing point at 
the surface at any time. However, we will look into the 
theories regarding the planet and see what we can find 
concerning this and other questions which naturally 
arise. As we have seen, the principal markings on the 
planet are the reddish ochre, the blue-green and the white 
regions around the poles, and we have also seen that 
during the course of a revolution about the sun, Mars 
first turns one pole toward it and then the other on 
account of the inclination of his equator to the plane of 
his orbit, thus making seasons similar to ours. Now as 
either pole turns toward the sun, spring commences at 
that pole and advances into summer, and the white area 
is seen to diminish in size, and around it forms a dark 
blue band. This phenomenon has been explained by the 
belief that these polar regions are snow caps like our 
own and that when the sun rises on one of them after 
its long winter night, it melts, thus forming a broad 
band of water which is the blue band just spoken of. 
This theory has been criticized by some astronomers on 
account of the fact, which we spoke of before, that Mars 
probably does not receive sufficient heat to produce a 
temperature high enough to melt these pclar caps, and 
hence they must consist of some other substance than 
snow. They have advanced the theory that these white 
areas are deposits of frozen carbonic acid gas, main- 
taining that a sufficiently low temperature could be 
reached on Mars to freeze this substance, and that there 
is insufficient water vapor in the atmosphere of the planet 
to make such large deposits of snow possible. How- 
ever, there are a good many more advocates of the snow 
theory than of the carbonic acid gas theory, as the 
changes observed follow very closely what would actually 
occur if the former were right, and it seems pretty gen- 
erally believed now that there is sufficient water vapor 
there to account for the polar caps in this way, since it is 
known that they are of nothing like the depth and 
permanence of the polar caps of the earth, and at mid- 
summer they almost, if not entirely, vanish. 
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Having disposed of the question of the polar caps, we 
will now investigate the other regions. For many years 
it was believed that the blue-green areas were actual seas 
on Mars, but when, some years ago, Professor Lowell 
discovered that they are crossed by a network of canals 
just as the reddish ochre regions are, this idea was im- 
mediately exploded, and it was concluded that they were 
merely more fertile regions of dry or possibly marshy 
land, and that there are no permanent bodies of water on 
the planet. This led to the belief that Mars is at a much 
more advanced period in its evolution than the earth is, 
and that the large majority of the surface, which we see 
of a reddish ochre color is a great desert waste. This 
seems very probable, as the color corresponds very well 
with that of the sands of the Desert of Sahara and other 
similar regions on earth. With the above in mind, we 
can now picture to ourselves to a certain extent what life 
on Mars would be like. We find, as just stated, a world 
at an advanced evolutionary period and considerably 
past the prime of its life. The inhabitants of such a 
world must be of a correspondingly high state of civiliza- 
tion, much higher than any civilization on earth. This 
race of beings must be veritable giants owing to the small 
size of the planet and its consequent small gravitational 
force. They, like the planet itself, must have passed 
their zenith and must also be on the decline with a 
steadily decreasing population. Their atmosphere has 
grown, during the long ages of Martian civilization, very 
rare, and all the permanent bodies of water have dried 
up, the only amount of this very important necessity of 
life worth mentioning that the population have to draw 
upon being that obtainable from the melting of the polar 
caps. But how is it possible for inhabitants, possibly 
thousands of miles from the polar regions, to obtain 
sufficient water? Astronomers have found a solution 
for this problem in the canals. They say that these 
canals are links between the populated portions of Mars 
and the melting polar caps, and that the Martian race, 
gasping for breath and dying of thirst, have made one 
last supreme effort to obtain water by building this vast 
and inconceivable irrigation system before which any 
engineering feat ever accomplished on earth shrinks into 
insignificance. It is thought that the oases, or lakes as 
they are sometimes called, are either distributing centers 
for the canal system, or centers of population main- 
tained in the Martian desert. 

A very plausible theory in regard to the canals, and 
one which would supplement the above, has just been 
advanced by Professor William H. Pickering of the 
Harvard College Observatory at Mandeville on the 
island of Jamaica. The atmosphere of Mars, as we have 
just seen, is considerably more rarefied than our own. 
Therefore evaporation takes place much more rapidly 
than it does here and the boiling point of water must be 
considerably lower than 212 degrees Fahrenheit or 100 
degrees Centigrade. On the strength of this Professor 
Pickering suggests that the Martians have built the canals 
as much to prevent the water from evaporating or boiling 
away as for distributing it over the surface of the planet, 
as the loss due to evaporation or boiling would be very 
great, especially under the heat of the midday sun which 
must be very great, as the Martian atmosphere is so rare 
that the percentage of heat absorbed by it would be much 
less than that absorbed by our atmosphere, and a great 
deal less than would be necessary to balance the smaller 
amount of heat received from the sun. 

The reason given that such a stupendous work as this 
canal system might be possible is the advanced civiliza- 
tion that must exist there and the small gravitational 
force, which would allow of more than twice as much 
work being accomplished on Mars as could be accom- 
plished on earth with the same expenditure of energy. 
But the critics ask, how can we, never nearer than 
thirty-five million miles to the planet, see such a marking 
as a canal, when the smallest possible spot visible to us 
is miles in diameter? These canals do not always appear 
the same, sometimes appearing more distinct and some- 
times fainter and often quite invisible. This phenom- 
enon has been found to correspond with the Martian 
seasons, and the canals in a certain region are most 
conspicuous at just the season when the water from the 
melting snows of the polar caps would have had time to 
reach them. Therefore what we see are not the canals 
themselves but the vegetation along their banks spring- 
ing up in the Martian springtime. 

In summarizing the conditions observed on the planet, 
we may refer to the three conditions that must be present 
on a body in order that it may support life. First, we 
have found that Mars has a sufficiently hard and per- 
manent crust; secondly, that he has an atmosphere, 
though much rarer than ours; and thirdly, that he re- 
ceives only from one-third to one-half the light and heat 
that we receive per unit of surface. This is the one point 
upon which the possibility of life on the planet hinges. 
It has been calculated that the temperature on a body 
receiving so little heat must be below the freezing point, 


— 
the 
the 
her 
pit, ; ay 
‘an 
iny 
life t 
ust 
of 4 
el 
is 
of 
all 
ice 
the ~ 

ny 

ha 
10t 
nd 
pse A 
che 
ry 
a 
rn, 

4 
sts 
wk 
ng 
ale 
re J 
or 
aly 
he 
nt 
le, 
ht 
Is 
ht 4 
‘ly 
et 
ar 
or 
ed 
es 

h- 
1s 
rn 
or 
ill 
at he 
er ‘ee 
of 
nt 
ry 
ve 
1e 
es 
of 
0, 
1€ 4 
m 
st 
re | 
ie 
| 
| 

> 


SCIENTIFIC AMERICAN SUPPLEMENT No. 2178 


September 29, 


but the polar caps, when they melt, seem to show every 
characteristic of snow turning into water and Professor 
William H. Pickering has seen considerable areas of anow 
or hoar frost appear over the sunrise terminator which 
almost always disappear by an hour corresponding to 
nine or ten in the morning and never lasting later than 
11 A. M., eo that it looks, in spite of caleulations, as if, 
owing to some cause, which is probably the heat of the 
sun's rays but slightly tempered by the thin atmosphere, 
there is sufficient warmth on the surface of Mars during 
the middle of the day to melt snow, which puts the 
possibility of too low a temperature there, out of the 
question, The above would also be borne out by Pro- 
fessor Pickering’s new theory just spoken of. Therefore 
our three requirements are fulfilled, and as, in addition, 
Mare has day and night and seasonal changes almost 
identical with our own, more and more astronomers are 
coming to the belief that if life does not actually exist on 
the planet today, it has existed there at some time in the 
recent past, geologically speaking, and that a population, 
possibly very much like our own, though declining in 
numbers and at a much higher civilization, probably 
exists there today, although it is absolutely impossible, 
and probably always will be, to definitely prove this fact. 

We have now examined all the members of the solar 
system in our search for signs of life on them, and find 
that out of the sun, seven major planets not counting the 
earth, over eight hundred minor planets, twenty seven 
satellites and innumerable comets and meteors, there is 
but one planet, Mars, upon which we can say that con- 
ditions are favorable for the support of life, and one 
planet, Venus, upon which it is barely possible that life 
exists. 

Taking an enormous jump into space to distances at 
which our whole solar system shrinks to a mere pin point, 
we find the so-called fixed stars. As these objects are 
at such enormous distances that they show no disks 
even when viewed through the largest telescopes, it is, of 
course, impossible for us to see any surface markings 
on them. We do know that they are intensely hot, 
varying in temperature from a little less than that of our 
sun to temperatures greatly exceeding that of our lum- 
inary. They therefore shine by their own light and are, 
in fact, suns not unlike our own, some being in earlier 
and some in later stages of evolution. This would 
definitely exclude any possibility of life existing upon any 
of them, the same arguments applying to them that we 
have applied to the sun. It has been found, however, 
that certain stars, among the best known of which are 
Sirius, Procyon, Algoi and Polaris, are attended by 
either dark companions or bodies but faintly luminous. 
The only reason that we have been able to detect these 
bodies is because they are very large, comparing in 
mass with their brighter companions. If some of the 
many millions of stars in the universe are attended by 
large, dark companions, why should not these suns and 
many more be surrounded by planetary systems com- 
parable with or greatly exceeding our own in dimensions 
and numbers, since the majority of the stars in the uni- 
verse are larger than our sun and consequently could 
control greater systems. It would be impossible for 
us to detect the presence of planetary bodies which would 
compare with their primaries as the planets of the solar 
system do with the sun because they would have a 
negligible effect on their primaries in regard to gravita- 
tional force or eclipsing properties. If there are other 
planetary systems in the universe, and I do not doubt 
for a moment that there are thousands of them, why 
would not conditions exist in a great many of them, just 
as they exist here, under which life would flourish as it 
does here on our little earth? 

But as men began to think of the possibility of life 
on other worlds in the universe, the question was raised, 
how is it possible for the germs of life to be transported 
from one body to another through the vast reaches of 
interstellar space? Of course, not knowing the nature 
of the germ of life, it is impossible to answer this question. 
However theorists have not been idle and various 
theories have been compounded. None of them are 
given very wide credence, but one which has recently 
been advanced is as follows: Although, as just stated, 
we know absolutely nothing about the germs of life, we 
do know one thing and that it that they must be exces- 
sively minute. It has been demonstrated that light 
exerts a measurable pressure, and that on very small 
particles in a vacuum this pressure overcomes the force 
of gravity and the particles are borne away on the wings 
of light so to speak. The tails of comets, which always 
point away from the sun, give us a striking example of 
this pressure of light. Now it is also known that a body 
like our earth is very slowly but gradually losing its 
atmosphere as the molecules composing it attain suf- 
ficient speeds, through collisions with other molecules, 
to get beyond the control of the gravitational force 
exerted by our globe. Now it is supposed that the life 
germs themselves, being comparable, possibly, in size 


with these molecules, may be treated in the same way, 
and when they reach the vacuum of inter-stellar space, 
are propelled at enormous speeds by the pressure of 
the light of our sun away from it and us, and so are 
borne through space, coming under the influence of the 
light pressure of different heavenly bodies until they 
come in contact with other planets of other suns. If 
any of these planets are at the right periods of evolution 
to support life, the germs will flourish there and life will 
commence or be added to. This theory supposed that 
in this way life started on the earth. However, as it 
seems rather fantastic and there are so many insur- 
mountable objections to it, scientists in general have 
not accepted it. That life must be transferred in some 
way from one body to another, if other life supporting 
worlds exist, no one doubts, but the correct solution of 
the problem is yet to be found. 

When one is out of doors on a clear and moonless 
evening and his gaze is attracted heavenward by the 
splendor of the wonderful work of the Creator, why 
should he be so narrow and self-centered as to feel that 
this gigantic universe was created and is being carried 
on just for the inhabitants of this world, an infinitely 
small and insignificant part of the whole. And when 
he thinks of the possibility of life on thousands of planets 
surrounding many of the stars which he sees, which would 
be the logieal and broad minded way of reasoning at 
this late date, is it any wonder that he exclaims that this 
earth with life upon it, this solar system with its magnif- 
icent central luminary, this wonderful universe compared 
with which we shrink to a mere nothing and which is 
probably full of life comparable with our own, must have 
been created for some purpose? But what is this pur- 
pose, why are we here and what is before us? This is 
the secret of the universe, a secret the meaning of which 
alas, I am afraid no human being will ever be able to 
interpret. 


Electrolytic Phenomena of the Molybdenite 
Detector 


Tue author has tried to demonstrate the existence of a 
secondary e.m.f, in unipolar crystals after the primary 
current has ceased. A current of some milliamps. was 
passed for some time through a crystal contact, the elec- 
trodes of which were connected to a galvanometer after 
stopping the current; this was repeated with a reversed 
primary current. In the case of molybdenite-brass the 
galvanometer deflection was very large, even when the 
primary current had passed during part of a second only, 
but in all other cases it was negligibly small. The de- 
flection changed in direction and magnitude when the 
primary current was reversed. Rough electrometer 
observations indicated that the e.m.f. must have been 
at least 0.7 volt. Such an e.m.f. can hardly be explained 
by thermoelectric forces. 

When, after many experiments with the same 7 
a small dark-colored spot had begun to show roywnd about 
the brass point, the place of contact was ollgerved by 
means of a microscope during the passage of the primary 
current. Again, a piece of molybdenite was floated on 
mercury while a Pt point pressed against it.. On a 
current of some millamps. being sent ;through the ‘con- 
tact from MoS, to Pt, then, after some moments, in 
some cases after some minutes, a small quantity of a 
dark-blue liquid, in which small gas-bubbles rise, ap- 
peared on the surface of the crystal. dn one case, for, 


‘instance, the strength of the current was 6 milliamps. 


the impressed e.m.f. being 3 volts. If this e.m.f. be- 
tween crystal and Pt fell below 1.3 volts the disengage- 
ment of gas could no longer be seen. If the e.m.f. of 3 
volts was reversed the current was only 0.5 milliamp.; 
the disengagement of gas became less, and could no lon- 
ger be seen when the e.m_f. fell to 2.0 to 2.5 volts. The 
experiments prove that in the contact Mo-Metal, an 
e.m.f. exists, due to polarization, in consequence of 
electrolysis. The phenomena, as described above, 
exactly agree with those obtained if the Pt point is 
brought into contact with the Mo not directly, but by 
means of a drop of acidulated water.—Note in Science 
Abstracts on an article by M. J. Hutztnea in K. Akad. 
Amsterdam Proc. 


Clean Kitchen, Dishes and Cooking Utensils 


Tues are of vital importance. Recent investigations 
with subsequent rigid enforcement of sanitary precau- 
tions in public eating places by the Health Department, 
have brought to light surprising conditions of uncleanli- 
ness and various abuses in the selection and preparation 
of food. 

These are being corrected by proper regulation. A 
great lesson should be drawn from the results and applied 
at home. It is probably true that the care and prepara- 
tion of food in the average home kitchen is quite satis- 
factory; but there are many little points in cleanliness 
which are ofter carelessly overlooked. 


The kitchen floor is the one more exposed to dig 
contamination than perhaps any other floor in (he hems 
There is more or leas constant traffic over it and (aie 
people frequently enter direct from the street ' 
in all varieties of refuse—especially during ba: wegihy 
Of course these floors are carefully scrubbed «| inte 
but in between such times they are usually dry .wepg, 

A broom, employed for vigorous dry sweeping a 
floor is about the worst thing to have in the kitehe 
Dust, although often imperceptible, thus rises 
settles upon everything—tables, chairs, cookii¢ 
and dishes, even though some precaution is obserpel 
and upon food, whether prepared or unprepared, whi 
is usually about the room. In place of the «weeping 
a mopping with good hot or boiling water is (ar } 
as a cleansing agent, as well as being a )reventiv 
against spreading dust and contaminating m.: ‘ter, 
persons before entering this room should «'can 
shoes upon a mat placed in a convenient positi:n for 
purpose. 

The kitchen should never be “dusted.” A 
cloth must be used in going over furniture, w: lls, wood 
work, etc.—American Medicine. 
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